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OVERSIGHT HEARINGS ON ASBESTOS HEALTH
HAZARDS TO SCHOOLCHILDREN

MONDAY, JANUARY 8. 1979

House orF REPRESENTATIVES,
SUBCOMMITTEE ON ELEMENTARY, SECONDARY,
AND VocATIONAL EDUCATION,
COMMITTEE ON PUCATION AND LABOR,
Washington, D.C.

The subcommittee met, pursuant to notice, at 9:30 a.m. in Room
2175, Rayburn House Office Building, the Honorable Carl D. Per-
kins (chairman of the subcommittee presidin‘%

Members present: Representatives Perkins, Weiss, Kildee, Miller
and Buchanan. .

Staff present: Nancy Kober, staff assistant; Toni Painter, secre-
tary, John Martin, minority legislative associate; and Edith Baum,
minority labor counsel.

Chairman PEerkINs. The committee will come vo order.

This morning the Subcommittee on Elementary, Secondary, and
Vocational Education is conducting a hearing on the possible haz-
ards associate! with the presence of asbestos in schools.

Over the past several years, a body of evidence has been uncov-
ered which suggests that asbestos may endanger the Lealth of those
ex.gosed to it and may be linked to a rare form of cancer.

ut it is only recently that educators, scientists and health
specialists have {regun to examine whether the health of students
who attend schools where asbestos is present is being threatened.

I believe this is a very serious question which warrants the
concern of all parenis, students and educators. In schools buiic
between 1946 and 1973, the use of asbestos for fireproofing, insula-
tion, acoustics and other purposes was not uncornmon.

In some parts of the country, school buildings have been closed
for periods of time because of potentially dangerous asbestos
situations.

I would like to point out that this problem is not a simple one.
There is no consensus on what level of asbestos exposure could be
considered dangerous and sampling techniques may not reveal the
actual level of infiltration.

In addition, removal or covering over of asbestos can be an

extremely expensive process.
M
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On November 13, 1978 1 called to the attention of Secretary
Califano a situation_ existing in my congressional district, in

Prestonsburg, Kentucky.

I told th“erg‘ecretaryclxat I thought it is very: important that some
remedial action be taken without delay, and 1 would appreciate
knowing what is contemplated by the partment on this.

In Prestonsburg, Kentucky, they have had numerous town meet-
ings concerning the asbestos situation. In fact, I had heard that
students were out on & strike down there for a riod of time.

The removal problemisst_illupintheair. parents are
fearful about students being exposed to a cancer-causing

bstance.
1 want to state that Congressman Miller of California, may have a
much ter problem in his district than we have in eastern
Kentucky. But 1 have been informed that this situation is very
widespread throughout the country. .
ted this hearing today and is to be oox:&i-
mented. In fact, I did not intend to commence hearings until r
the beginning of the New Congress. But after the new Congress
cgnt\lr:mes wet will hear from the people in Kentucky and other parts
of the country.

Possibly Mr. Miller will want to hold hearings in California, Mr.
Weiss in New York City. We will have people from Kentucky up
here at a later date.

This hearing todaiy‘awill-be very constructive, in my {‘udgment;

I Yersonalliafeel that the Federal Government somewnere along
the line will have to be involved because many of the local commu-

nities where we have this situation do not have the money to cope
with the problem.

That is presently the case in Prestonsburg, Kentuck{. I want to
find some solution, and the witnesses here y will be able to
assist the committee.

In conclusion, I want to compliment my colleague, George Miller,
for his leadership in gettin the witnesses present here today.

I want to hear from Mr. ! iller at this time, and then from Mr.
Buchanan.

Go ahead, Mr. Miller.

Mr. MiLLER. Mr. Chairman, I want to thank you for your remarks
and also for the permission to hold this hearing on what 1 believe to
be a very serious problem confronting the educational community
in this country. - :

As you know, another subcommittee of our full committee, the
Compensation Health and Safet Subcommittee, has been holding
hearings on asbestos-related problems in the industrial workplace
as it impacts upon workers and their families. ;

As a result of those ',earings, we have come into contact with

ple in the community who have been working on the problem of
asbestos for some time and have been informed that it appears that
there is a rather significant problem relating to within
school sites. .

The faci is that although OSHA has established a safe workplace
standard for asbestos, it must be emphasized that no recognized
threshold of asbestos disease—and even brief exposure may be
sufficient to cause cancer many years later.

X 8
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- -The most alarming fact is that that industrial standard which we - ° .

have established for workers does not apply to nonindustrial sites,
such as schools. .

Yet, we find that out of a survey of over 6,000 schools, it was
revealed that asbestos has been used in 1,000 of those schools and
that in some schools the asbestos level was 100 times greater than
the normal ambient air level.

I think it must be told to this committee that this appears to be
particularly serious because children in their growing years may be
esﬁcially susceptible to cancer. -

edical experts, including those from the Johns-Manville Corpo-
ration, have testified that the rapid normal multiplication of cells
during childhood, among other factors, may 1 to more rapid
development of cancer t in adults. .

Because they have so long a life expectancy after exposure, °
children may have a greater likelihood of dying from asbestos
related cancer in later life than a worker ex in middle age.

An additional problem is that about eight million teenage chil-
dren are smoking, making it an even greater risk in contacting
asbestos-related cancers.

The problem of asbestos ua::spaure is not limited only to children,
however. Teachers and ¢ ial warkers are also exposed. I think
it must be said that, while the pro * appears dramatic, both in
terms of numbers of schools ih which asbestos has been used and
which in cases it may be deteriorating and also the fact that we
must deal with the problems of removal or sealing, as we will hear
witnesses testify today, the cost of doing this in New York City
alone has been suggested to be $48 million.

I think we have a problem that is certainly worthy of consider-
ation by this committee in trying to help those local jurisdictiggr-
such as the one you mentioned in Kentucky, where the stud t;
have become aware of it, their families have become aware of it,
and they are deeply concerned and distressed over the exposure
that their children may be susceptible to.

Again, I wish to thank you for the chance to hold these hearings
and to receive the testimony that we will hold today.

[Mr. Miller's statement follows:]

9
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. 7th District 1631 Longworth
Califomia, . Wash n, D C. 20515
. (202) 225-2095

Contact: John Lawrence

OPENING STATEMENT OF
“CONGRESSMAN GRORGE MILLER_ (CALIFORNIA) .
m"rmc CHATRMAN
SUBCONOMLTTEE ON ELEMENTARY, SECOMDARY AND VOCATIONAL EDUCATION
UNITED STATES HOUSE OF REPRESENTATIVES
M “ASBESTOS HEALTH HAZARDS TO SCHOOL CHILDREN"
January 8, 1979

Todsy's hearing marks the fifth day of testimony before & House subcommittee
o'n'f.hc subject of health hazards sssociated with exposure to asbestos. Because
it Das Becn two months since the last hearing, and since this is the first
hearing in Washington, I would like to very briefly summarize some of the very
{mpdrtant informatiun which was provided in the earlier testimuny.

The inhalation of asbestos dust vastly increases a persun’s chances of
contacting fatal tllnesses such as lung cancer, -»szhonu.... and asbestosis.
1f the person smokes alsv, his rhance; of coutruvt;na fung cancer are as such as
ninety t{mes greater than someone in the general popalation. Ot these facts,
there 18 no longer any serious debate in the medical or scientific community.
Over the past several years, government and industry have established strict rules
governing working conditions in which men and women might he exposed to ashestos.
During our hearings in Hawaii, several members of this Committece abserved rip-out
procedures aboard Navy ships at Pearl Harbor. 1 believe that it {s accurate to
say that we were impreased with the thoroughneas and the caution with which
these operations are undertaken,

Unfurtunately, however, the demonstration we saw I8 not representative of
cutrrent or past practices {n Mertcu; {ndustry. For sany years, millions of
American worke.» were exposed te high concentrations of asbestos (n & multitude
of occupations, About five million workers vers exposed to what we now kiow Wers
dangerous lovels of asbestos dust in the shipyasds durfag World War 11 and

thereafter. ln many cases, these workers, and as many as six militen othets,

+ 0
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;)Atc not protected from inhcling asbestos and were never warned about the

. potentially fatal effccts of exposure to asbestos. We heard testimony from

some of them, and from membeys of ?thelr families, to the effect that they had
never been told by their employers, includfny ' v U.3. Navy, thet they were
risking cancer’'or other disabling and fatal {1inesses,

" We also heard disturbing information that some of the asbestos manufacturers
were awvare of thg health hazards associated with ashestos exposure aa long ago
as the early 1930s, but did little or nothing to control its use or to lnform
apd prot.cct their employees unti'! many years later, [ have received . uwples of
letters from executives of some of these companies, dated 1933 and 1934, which
{ndicate to me a recognition of the severe health haxaras associated with

asbestos. M reover, the industrial and medical literature sbounds with evidence,

as far back as the 19208, which pointed to the suscoptihility of asbestoa workers

to 4 wide variety of pulmbnary diseascs. Some of the ashestos manufacturers ¢
w +
cven paid cofpensation to their workers several docades age tor workirelated

{linesses.  As further testiment to the link between ashestos and disability,

LY

many fnsurance companics have long refused to insure .-mhmt.os- workers,

Une of the reasons that ii has t.t'lwu aa loug for the asbestos probu.-m to
achicwe promhi;}u'v u; bhecause of the loug latency perfod assoviated with ashestos,
1t {s typical for .ugh«mgna-rnun?d cancers to t:ulw up to 30 to 40 yvears to appear
after exposures  This means that we can ant fcipate large numbers of cases of

4 cancer and asbestosis to hegin .uppunring\supn. because we are now within that
° .
N

~
time frume since the exposures occurred {u aceelerated numbers,  While ashestes

is largely :s‘pout problem {n terms of exposuire, therefore, {t 18 a present and
future crisis {n terms of health ettocts,  Physfclang have testified that op to

half of the ashestos workers whom they have X-riyed show signg of lung discase.

These researchers have gald that {n future cars neirly oue-f{fth of all cancers
'will be related to asbostos exposure,

But the problem of asheatos exposure has not been solved, Most of the

repulations and safety precedures concetnfuy asbestos apply only to fndustrial
. .
settingsd  Largely varegulated ate cormorefal exposures, such as the expesure of

ym}g vididren {u schooel bufldings,  That {4 the cobjoct of today ' hegring.
..
<" " Asbestos gaterials were heavily nsed (0 o hoel senstiactien hetween the years

1946 and 1972, when the use ot spraved asbestos for tireproof ing and insulation
» »
was ;m-h.ihuvd by the tnited Stafew Ensivomment 1] Protect fon Arency.  Iu mary

.

casesy the apraved asbestos {n friable, and mav be Jdischarged fnto the a1 {f

the surtace I8 disturbed through satntenans v other phvafoal activity, fucluding

.
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vandalism.

Although OSHA has eiitablished a :afe workplace standard for asbestos, it must
be enphasized that there is uo recognized threshhold for asbestos disease. Even
brief exposures my' be sufficient to cause cancey many years laser. The industrial
otaudar.d, however, dpes not even apply to non-i{ndustrial sites such as schools.

One rec@ht survey of 6,000 schoolg revealed that asbestos had been used in 1,000

of them, and'that the presence of asbeutos In their afr, in some cases, was sig-

uﬂicantly highet than the permissible industrial standard and the level associated

- with an increased likelihood 9.f' cancer. 1n some schools, the asbestos level vas

O

}00 times greater -than the normal ambient ?ti' tevel,

The presence of usbestou in potentially dangerous quantities fn school
butldings s particularly se;'tmm because children in their growing years may be
especially susceptible to cancer. chdtcul experts, including Dr. Paui Kotin of
the Johrs-Manville Corporation, ha:re testitied that the rapid normal multiplication
of cells during chlldl&d. a-ong: other fiactors, may lead to a more rapid development
of cancer than l'n adults. Because they hive so long a 1ife expectancy after
exposure, children may have a x{t‘nter likelihood of dying from asbestos related
cancer in later life than a worker who i exposcd {n middle age. An additional
problem {8 that about eight milldon teenage children are smokers, makiug them even
greater risks tor contracting asbestos related cancer,

The problem of asbestes exposure in schoois {y not limited only to children,
however. Teachers and custodial workers are also exposed. The Amcrican School
Huard Journal has recently reported the case of a Massachusetts school custodian
who died of mesothelioma after having worked for nine years with ashestos, 1f
ashestas materials are ta be removed or seaied in school buildings, the workers
whe perform these jobs are at tisk, oas are workers who will be fnvolved in the
demol{tion of obsolete buiidings in the fatnre,

The vost of tepair o1 removal efforts {8 a majee consideration {n the dis-
cussfon of ashestos {n schools. Totdal remeval can cost ‘ens of thousands of dollars
per schools the cose tor miking New Yotk €ty schooly sate has boen estimated at as
much e 58 million, Currently, the butden for thesce proprams rests with stat?
and loval offteiain. There {8 some concern thit the ammmts ot the costs may
fntimida e seme local schont board: from petforming necesuaty tests on thet
butldiups, Certainly, cost is an fmportant considerat fong bot 1t pales {n
tmportane o cumpared to the heatth and satety of millions of schovl children who may

be exposed te 1ife-throastening eovivomments in thedr classtooms,

ERIC 12
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Tiere are many complex queations which must b answered before we can arvive
at a thought{ul federal policy on this issue.

== |8 there a problem with ashestos in oup schouls?

~~ How severe {s the problem?

-~ H.ov should we correct 1t?

== Huw much will corrective measurcs ‘ost? And, who should pay for them-~

local schools boards? The srates? The {rder;l gt;wrmnt‘! The coupaaul-'
- which sold the ashestos .t which installed the raterials tn the. first place?

Fortunstely, we have a series of wlmesm--:. today whe can provide us expert
answers to many of these questions., We will hear from several of the nationally
tecognized erpects in the fleld of asbestos control, particularly in relation to
schuols. We also have witnesses from federal agencies, and state and local school
bodies who ‘;.Tve heen working on this problem. Several companies which have been
{nvolved tn the manufacture or fnstallation of ushestos materials will share their
expertise with uu, as will legal experts who have criticfzed curreat repulatory
efforts as fniwdequate. 1 oam grateful to ald of them tor agreeing to participate
in this hearing.

Before we begin, 1 want to rafse one cqutionary nate. Because o.f the wide-
spread public awareness of the asbestos problem, and especially becanse we are
dealtng with children {n this hearing, | think 1t s very {mportant thar we all
utiltze caution {n the courde of vur testimonv., [t there {8 o problem, we want
to know about {t, and what we can do to help solve {t as :mfu:}v and as quicklv
as poessille.  wWe de not want to manuf ictute o crisas {f one doew not oxist, und

we do vl want to cause unnecessary public alarm.  Withthat cuuifimaty note, | welcome

veu all to this hearing, and will proveed with car tirst witness,

Chairman PErRKINS. Mr. Buchanan?

Mr. BucHANAN. Thank you, Mr. Chairman.

I, too, would like to thank you and commend you, Mr. Chairman,
for holding these hearings this pron(lgily. It was my privilege to
participate with our colleague from ifornia in hearings on the
Compensation Health and ety Subcommittee on the subject of
the problem of asbestos in the working place.

It became quite apparent to me that there is a substantial
Federal responsibility in this matter, not only because many of the

ople who have been exposed to these health dangers and serious

ealth hazards have actually been employed by the’Navy, or by the
Federal Government, but also because the Federal Government has
an obligation to protect the safety and health of America in the
working place, and that responsibility was not fulfilled in the case
of the dangers of asbestos fibers.

e~
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.Itneemstome,Mr.Chairman,ﬁgumalsoeorrectthatthe
Federal Government has a responsibility to act if there are dangers
to American children and young people in schools from this s'-ne
substance, and froin the health that may be connected wi

it.

Your fellow Democrat, Thomas Jefferson, is one of my favorite
Amencanstateomewr.Chairman.Hegaveasthemottoforthe
school he founded, University of Virginia, one that I think is
appropriate for the Congress as well: “For here we are not afraid to
follow the truth wherever it may lead us.”

It is my profound hope the truth will Uprove that this is not
widesp. danger in education in the United States, but to
extent that the truth can be established that there is danger,
must act immediately. N

Chdrm:nfmpmm&lthinkigmybebeneﬁd;l{g;mewma}

paragrap m Secretary Califano's response letter
wrote to him on November 18, for the information of the various
witnesses today. The Secretary states, in a letter dated January 5,
addressed to me:
- “The Department has no general authority to assist local school
districts in repairing or renovating facilities. Moreover, we believe
that the basic responsibility in that area rests appropriately with
State and local authorities.

‘The Environmental Protection Agency has the regula re-
sponsibility to deal with toxic substances such as asbestos. I have
sent a copy of your letter to Douglas M. Costle, Administrator, EPA,
with the request that he advise you of any action EPA is taki
with regard to the removal and treatment of asbestos in schools.

I certainly feel that it may be necessary for this committee, at the
conclusion of these hearings, to write some remedial legislation that
will place direct responsibility upon the Federal Government to
help solve this problem. ,

. Weiss?

Mr. Wess. Thank you very much, Mr. Chairman.

I, too, want to express my appreciation to m for convening these
heanngs.d' I am very gratified at the very comment that you
made.

New York, and my district, in particular, serves as one of the
more unfortunate examples of the asbestos problem.

In New York CN}:IJ we are ing about mﬁh ns and millions of
doillllgrs. As Mr. Miller indicated, the estimates range close to $50
million.

At a time when city budgets and school budgets across the nation
are at their tightest, local officials cannot be solely responsible for
locating additional funds.

I think that these hearinﬁs are timely, extremely critical, and
important for the lives of the children that attend these schools.

ain, my thanks to Kou for convening the hearings at this time.
irman PErkins. All right. .

The first witness this morning is Dr. Robert Sawyer, Yale Univer-
sity, New Haven’ Connecticut. .

ﬁr. SawyYEr. Mr. Chairman, my entire presentation is based on
graphics, slides. At the present time there is no facility for present-
ing slides. Apparently there is a technical problem.

-
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Chairman PERKINS. So you want to postpone your testimony?

Dr. Sawysr. If' I could, please.

Chairman PerInS. All right.

At this time we will hear from Dr. William J. Nicholson, Environ-
mental Laboratory Sciences, Mount Sinai Schonl of Medicine, New
York. We will hear you at this time.

STATEMENT OF DR. WILLIAM J. NICHOLSON, ENVIRONMENTAL
;A:l‘i"(){'lA;l“(lzRY SCIENCES, MOUNT SINAI SCHOOL OF MEDICINE,
‘W YO

Dr. NicHoLsON. Thank you very much, Mr. Chairman.

Chairman PERKINS. I notice the statements are very lengthy
today. It would be appreciated if as many of You as possible could
summarize your statements and put the complete statement in the
:ﬁoord.unlesstheyaresotechnical it may be necessary to read -

em.

Go ahead.

Dr. NicHoLsoN. I will be brief, Mr. Chairman.

I aYFreciate very much the opportunity to appear here. My name
is William J. Nicholson. I am an Associate Director of the Environ-
mental Laboratory Sciences, Mount Sinai School of Medicine, which
h:_}s long been concerned with various aspects of asbestos health
eftects.

As part of that activity, I have been involved in the diruction of
various studies measuring the asbestos concentration in the ambi-
ent air and in various building circumstances. These have included
buildings in which asbec*os has been sgrayed, as fireproofing mate-
rial, or for acoustic and sound control.

Included in these studies are about 12 schools, which I would like
to review for you.

In the analysis of samples in the background area in various
metropolitan cities about the United States in a 24-hour sampling
basis, we rarely find air ¢ centrations above 10 nanograms per
c};big meter of air. That is ten billionths of a gram per cubic meter
of air.

I want to emphasize that because 1 will be discussing other
concentrations measured in buildings as a comparison.

it may sound like a very small amount of asbestos, but if you
fragment the fibers that contribute to a nanogram, you can literally
have a million fibers, or fibrils, present.

During daytime hours, one finds commonly higher concentrations
which can range up to 40 nanograms per cubic meter of air. These
higher concentrations can come from brick erosion or construction
activities or other sources in the community.

In 1973, we undertook a study of asbestos contaminations of
buildings in which asbestos had been used as fireproofing in areas
that served as return air plenums, or had been applied for acoustic
or sound control as surfaces of walls and ceilings.

In that study, we found evidence that roughly half the samples
that we took showed concentrations above that experienced in the
background, ambient air taken at the same time.

Y



10

So, there was clear evidence of asbestos exposure in many build-
where a loose fibril fluffy type of asbestos had been app
o 'ihf:rﬁ'ﬁ“:fd 137eﬁ"aaun¢mmml' reported in a sch~dl in

was )
lead Andrew N to

g |

undertook as a eontractyfrom NIEHS as a result of

Mﬁm’s initiatives.

research showed that approximately 265 of 2,400 schools in
New Jersey had asbestos on hall classrooms, audito-
riums, or other student use areas. Additionally, there would have
been asbestos applied to pipes and boilers.

Many schools 'hqdasbestosa%pliedtotheirce' and walls
and other areas of boiler rooms where students would have little
ML from which contamination additionally could occur into

e 8¢
I would like to focus simply on those areas where it was in
student use areas of the school.

We visited 48 of the 265 schools and analyzed the samples of the
material. Most had asbestos contents between 10 and 50 percent. Of
the 48 schools, 38 had visible evidence of damage, either water
leakage, deterioration of the asbestos, or physical abuse by students.

Some of it was minor, but some of it was very serious, with entire
hallways having asbestos dislodged from the ceiling by students, or
in some buildings literally clouds of asbestos were coming loose
from the substrate to which it had been applied.

We did air sampling in those schools and found concentrations up
to 2,000 nanograms per cubic meter of air. This would be approxi-
mately 100 times t which one commonly experiences in the
background ambient air.

Tn one school actually when we were taking a background sample’
we found that the school itself was serving as a source into the
community lproducing excess levels outside the school as well as
significant levels within the school to which pupils would be

exxoeed.

dditionally, we took measurements during activities where dam-

ﬁe was being done to the ceiling similar to that which was there.
ese were in two schools that removal or sealing operations were

about to begin, and those students were present.

Those air concentrations during the period of damage exceeded
the time weighted average of the current asbestos standards. So
tkat while the period of the damage may be short, the concentra-
tions are excessive, and they would persist for long periods
thereafter. .. )

The conclusions from this analysis work were that if visible
damage or erosion of any asbestos contained spray material is
evident, increased asbestos air concentrations would have existed at
that time and may still persist.




1

Such damage is likely to continue and air concentrations extend-
ing to 100 times background might be observed over long periods of
time. Much greater ones would occur over the . Wort period of time
that the damage was taking place. - o

Where visible damage or erosion was not evident, the air concen-
trations that we measured were no different from background. But
the possibility of later damage in future asbestos fiber release with
concomitant increased air concentrations cannot be excluded.

_Extensive documentation exists of serious disease among workers
Jirectly using asbestos or asbestos materials and those working
nearby. Additionally, evidence of disease among household contacts
of asbestos workers or in those that live about factories has been
documented.

Unfortunately, we do not know air concentrations 30 or 40 years
.ago to which people with such disease were exposed and thus we
cannot provide information on a dose response relationship for
asbestos disease.

On the other hand, this absence of information also precludes our
knowing the existence of a threshold for asbestos disease. At the
same time, we know of no concentration below which one can state
with certainty that no disease risk exists.

Thus, the prudent person approach would indicate that at the
least where feasible excess asbestos exposures be controlled. At the
moment we do not know how little asbestos is needed to increase
the risk of cancer.

The only exposure that one can state is &@ zero additional
exposure. In schools, such control measures are available.

n this project we identified two feasible methods—seali- g the
asbestos with a surface coating or removing it completelg. ¢, third
procedure, that of enclosing the usbestos with other building prod-
ucts, also has merit and in particular circumstances could be
utilized.

In general, the sealing of a cementitious matrix which is well
adhering to a substrate can be appropriate. If there is little likeli-
hood that it would at a later t me break loose from that substrate,
one can provide a barrier to erosion of asbestos fibers by such
procedures.

On the other hand, if the material is loosely attached, friable,
already breaking loose, or with significant damage it should be
remove:! This has been the case in certain schools and has been
found t.; be capable of being done with minimum contamination of
the building and following clean-up no residual asbestos would be
present in the building air.

The circumstance of use in s hools, where you have hallways,
auditoriums, or classrooms with large flat surfaces, lends itself well
to efficient removai techniques.

Fowever, in each particular school one must look at the situation
there to assess what would be the most viable method of control,
whether it be removal, covering, or enclosure by other materials.

Each school, in essence, is unique in its own right.

Chairman Perkins. Dr. Nicholson, if I have read right—I am a
little ahead of you—I think you have very well covered your
prepared statement. But as a specialist in Environmental Labora-
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_ tory Sciences, is there any doubt in your mind that this asbestos

must be removed?
Dr. NicHoLsoN. 1 think the requirement is that we prevent and
assure there be no exposures to students. In some circumstances

.removal may be very difficult and not necessary.

That is, if you have in essence a rock hard cement like matrix
enclosing the asbestos which is not easily damaged, if one can either
by some barrier or other assure that that cannot be damaged and
later release asbestos, that may be the more feasible route to take.

Chairman PErkINS. Let me ask you this question, since you state
it is extremely difficult in so far as removal is concerred.

To avoid exposure to the students, should it be doné when the
school is not in session, or could it be done while the school is in
session, or should it be done at the earliest possible date?

Dr. NicuoLsoN. In virtually most circumstances it should be done
when the students are not in that building. In some of the schools
the condition of the asbestos is sufficiently good that one could do
this work over the summertime, that it is not a situation where you
must undertake coutrol immediately.

In other schools that is the situation. They have been so badly
damaged that the exposures ongoing should not be allowed to
continue. Again, it really would depend upon the schools.

Chairman PERKINS. It would depend on the schools. Is there
variance in the degree of harm that may result {rom the type of
asbest»os?that has been used for insulation purposes or for any other
purpose?

Dr. Nichoison. I think one should not distinguish between the
types of asbestos. The data on health effects would indicate that all
can readily produce cancer, and that one should consider the risk
there, irrespective of the mineral variety.

Chairman PErkINs. Could you take a sample, for instance, from
Prestonsburg, Kentucky of the asbestos used there for insulation in
the high school and give us your idea, about the degree of harm that
this may bring about and whether it should be removed immedi-
ately or wait until the school term ceases?

Dr. NicHorLsoN. Could 1 do that?

Chairman PERKINS. Y=s.

Dr. NicHoLsoN. | don’t believe so. But many schools ht  * written,
and there could have been a response in_ terms of analysis of
asbestos. But I don't think it would have been a response from
anyone at our laboratory that would state what the control mea-
sures should be for taat particular school without seeing it.

Chairman PErkins. | see. How do you suggest that the removal
take place?

Dr. NicHorsoN. It should be «.adertaken with complete control so
that asbestos not be disseminated in other parts of the building.
This involves double enclosure with plastic sheeting, in the walls,
floors, decontamination areas for the workers.

Additionally, the workers must be protected so that they do not
undergo excess asbestos exposures. Most important, the material
should be removed thoroughly wetted.

If you can do this in such conditions, and they are described in
the report 1 have submitted for the record, air conicentrations below

)
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even the current two fiber per milileter asbestos standard can be
maintained in a room undergoing asbestos removal.

Chairman PimkiNs. Let me state that we are going to hold
h next week. The situation down home has ca 80 much
CO on. We have the General Assembly of Kentucky in session

. . now. We may ask the Governor to add it to the agenda down there.

I want to congratulate you on your testimony this morniag.

Mr. Miller? )

Mr. MiLLer. Thank you, Mr. Ch~irman.

Dr. Nicholson, in your study and in your testimony you referred
to the prudent person approach which, if I recall law school, is a
suggestion of what you ought to do when you know the facts taken
to safeguard a hazardous situation.

Then you go on to say that, “We do not know how little asbestos
is needed to increase the risk of cancer.”

Dr. NicHorsoN. That statement emphasizes the earlier one, that
we have no information of a threshold for asbestos cancer.

Mr. MiLLER. We have received testimony in our other subcommit-
tee, however—and I believe that you referred to it in the prelimi-
aary information in your study—that we have o..n and

ple contact asbestos-related diseases as a result of living in the

ousehold with asbestos workers, be they in manufacturing or

insulation, because of the relatively small amounts that they bring
home with them on their clothing.

We have seen children and spouses contact these related diseases.
So, are you s ing that the level that should be acceptable in a
school would even less than what we have found in some
households?

Dr. NicHorsoN. That is clear. The level that is acceptable in
schools is no more than that above background. I mean, we can’t
unfortunately do anything with background.

Otherwise, I would say the most acceptable level would be zero.
But that is not feasible, unfortunately. It certainly would have to be
well below those of the past household exposures.

For comparative pu , I mi%?t Jjust mention the data we have
of exposures in households which commonly range in the same
order, the same concentrations we are measuring in schools, from

00 to 5,000 nanograms per cubic meter of air.

These, however, were in households measured recently. Wiiether
disease will result from such exposures would not be known for

ecades. '

Mr. MiLLer. Well—

Dr. NichoisoN. I am sorry. Maybe I am not answering the
question you really asked.

Mr. MiLLer. I think so. MY concern would be if iy"ou say that that
level of asbestos which should be tolerated in a school is no greater
than background, and you have done background samples in the
City of New York, you have done background samples in New
Jersey, too, is that also correct?

Dr. NicuorsoN. That is correct.

Mr. MiLLER. And then in your study you also point out in some
schools you have as much as 162,000 square feet of flaking area. In
other schools you have 133,000—excuse me—visible flaking, you
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havt:éziooo, 28,000, 35,000 square feet ~f visibiy flaking asbestos
ma .
Then if you go further through the study. in your statement—I
want to make sure this is understood—you tafked about boiler
rooms. Also you have listed here time again classrooms, hall-
ways, auditoriums, pools, gymnasiums, places of gens ral
ex to the school population.

. NichorsoN. That is correct. :
4 Mr. MicLer. And so it is not a question of closing the boiler room

oor. )

Dr. NicuorsoN. That is absolutely right.

Mr. MiLLER. Or the air ducts concealed within walls. We are
talking also about places where children, young adults, generally
populate in the schools. Is that correct?

. NicHoLsoN. That is correct. In New Jersey there were three
million square feet of asbestos in areas of student use.

Mr. MiLLer. Of visible flaking?

Dr. NicuoLsoN. No.

Mr. MiLEr. Or in use?

'Dr. Nicrovsoy. Of asbestos in use. Some of it was visibly flaking
.and deteriorating. Most of it was not visibly flaking and deteriorat-
ing. In that retE:rt. under the column ‘Visibly ing,’” that was the
iot:l area alff t school some of the asbestos would have damaged,

ut not all.

There is also a table there that kind of gives the degree of damage
in order—zero, one, two, three—with three being the most serious.
That would be a case where it wag wides%read, and virtually all the
gbztg‘s in a school or in a clessroom with the three category would

Mr. MiLLER. So we have a situation where, as 1 undsrstand it, the
medical community is not prepared to accept a threshold concept in
terms of exposure. The idea that you have to be exposed for ten
years or five years, heavy concentrations, low concentrations, indus-
trial evidence tends to show that is not so.

We see this dramatic increase in asbestos-related diseases, both
cancer and asbestosis. You have a situation where the medical
community also suggests that children may be more susceptible
because of the multiplication of cells and the growing patterns of
those children.

You combine that with the situation in which clearly in your
measurements, at least in the New Jersey schools, the levels are
much higher than background which you suggest is at least a
minimum.

We are not even concerning ourselves with the general environ-
mental exposure to asbestos in these hearings. There is not enough
money in the Federal Government to even talk about that problem.

But here we are talking about people who are confined in these
various buildings.

I think, Mr. Chairman, you hit on it when you suggest that the
magnitude of the problem and the risks we are running really cries
out I think for some kind of Federal help, whether it is removal or
technical assistance or actual dollars.
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Ithinkthatwearegoingto.havetocometogripawith it because
 heard in the industrial side, we have a period of
incubation of roughly 25 to 30 years, and we see again this dramatic
reported diseases.
eve that we have taken such steps—and I am not
confident that they have really been taken in the i= dustrial side—
Now we find we be ting a whole new generation or
several generations full of new cases to come upon us in the nexzt 25
ctiﬂ&yeam.? Is that a fair conclusion of the exposure of these
n .

Dr. NicHoLsoN. I think that is a fair statement.

Mr. MiLrLer. Well, 1 alwafs go back to the example, $300 million
for six cases of swine flu. I suggest we may have a much greater
epidemic on our hands here in terme of potential danger to the
American population than those six cases of swine flu that took 20
minutes to ap%'opriate the money for.

Thank you, Mr. Chairman.

Chairman PERkKINS. Mr. Weiss?

Mr. Weiss. Thank you, Mr. Chairman.

Dr. Nicholson, let me express my compliments to you and the
Mount Sinai Environmental Laborato ences. ]

I was chairman of the New York City Council's Committee on
Environmental Protection when Dr. Selikoff was instrumental in
affecting the ban in 1972 of the sprayed application of asbestos in
the City of New York.

‘The E!.PA adopted the same position the following year, in 1973.

Have you conducted studies of not only the New Jersey or New
York City system, but school systems throughout the country? Are
Kgg able to identify on that basis how widespread the problem may

Dr. NicHorsoN. I have only limited experienze there. In New
York City the problem already has been alluded to. There are
undoubtedly more than 200 schools, I believe, of 1,100 schools in
New York City, with asbestos in student areas.

In Massachusetts it is also widely spread. We have done air
sampling in one building there that shows the same problem to be
in existence. In New York State additionally I am aware that the
jame usage of asbestos, the same pattern is present as in New

ersey.

In California it has similarly been reported to me that it is the
case there. So that at least in many major States, I think New
Jersey is not unique. What we have is somewhere between 10 or 20
percent of schools with this material in place posing a potential risk
to what would be more than a million schoolchildren.

The comments of Congressman Miller about their particular
susceptibility are quite apgcropriate. Thus, the problem certainly
"cries out for urgent action. School districts are waiting, uncertain as
to what>to do without direction and guidance from appropriate
State and Federal agencies.

Mr. Weiss. It is your judgment that this is not the kind of health
hazard that can be allowed to be remedied at our leisure, that it
does in fact require urgent and immediate action?

bory




Mr. Mmixr. Dr. Nicholson, if I could just ask you one more

question.

It has been in some accounts that while—and you
referred to the Howell case in ew Jersey—that there is a t
dealofoverreacﬁoninthateasebeeausethestudentwasth t to
beillasrelatedtoasbesbos.whichmlaterfoundouttohave
mononuclepsis or something, and we are really overreacting to a
gituation here that cannot be i)l\.mt.lﬂe(l. that that case was found not
to be as serious as first thoug t, and that all the attention that was
brought into New Jersey on that basis—therefore, there is not
really a serious problem.

I would appreciate if you would comment on that.

Dr. NICHOLSON. Let me first comment upon the health effects. As
you indicated, the health effects as manifest were incorrectly attrib-

uted to asbestos.

In all of the school situations that I am aware of, I think it would
btleli:etll:y unlikely that there would ever be such manifestations at

me.

We are not concerned about acute,”immediate apparent health
effects to children. We are concerned about what, as you indicated,
will bappen 20, 30, 40 years down the line.

In the Howell Township situation the reaction was erated by
this misdiagnosis of disease. The situation in that school, though,
was severe. 1 read reports in the New York Times of children taking
the asbestos and throwing it at one another.

That situation required urgent action. The action I think that was
taken was precipitous in that inade&mte controls were provided
dvitaréxexg removal, and contamination throughout the building took
P This again points to the need for direction and guidance such as
that when serious situations are identified raﬁi;l but proper action
can be taken. The Howell Township should have been controlled
ra idlyl,wbut it should have been controlled correctly.

r. MiLLErR. Thank you.
Chairman PERKINS. %hank you very much.
[The complete statement of Dr. Nicholson follows:]

Lo
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Testimony of Willism J. Micholson, Ph. D.
Bavironmental Scieaces Laboratory
Mount Sinai School of Medicine
Bew York, M. Y.

My name ia Willism J. Micholson. I am Associate Director of tlie

O P e et A4 o e e Bran SPem st e S PSS

T T Envivonmental Sciences Laboratory of Mount Sinal School of Hedicine.
The laboratory, which is directed by Dr. Irving J. Selikoff, has long been
active in the field of asbestos health effects. Since 1969 ny work has
involved the direction of projects analyzing asbestos in air, water, and
tissue samples. Additionally, I have conducted several epidemiological -
studies concerned with the health of individuals exposed to asbestos in
occupational and environmental circumstances. Completed studies cf
agbestos in the smbient air or iIn public bufldings in which asbestos
materials have been used include:

Asbestos Afir Pollution in New York City

New York City Contract

(A study of asbestos concentrations in the ambient air of New York
and about buildings in which spray fireproofing materials were bhaing
applied)

Measurement of Ashestos in the Ambient Afr of U. 8. Cities
National Afr Pollution Control Administration Contract CPA 70-92
(A study of quarterly composites of 24 hour samples collected in
49 citles of the Natfonal Air Surveillance Network)

Asbestos Contamination of the Air in Public Buildings
Environmental Protertion Agency Contract 68-02-1346

(A study of air in buildings in which asbestos materials had bean
applied for sound or fire control)

Chrysotile Asbestos in Afr Samples Collected in Puerto ico
Consumer Products Safety Commission Contract 77128090

(A study of the afr of achools and homes in Puerto Rico constructed
of asbestos cement products)

Contral of Sprayed Asbestos Surfaces in Svhonl Buildinas: A Feasfbility
Study

Natfonal Institute ot Environmental Health Sciences Sontract NO1-ES~-7-2111%
(A study of the extent of wie of ashestos in New Jersey schools aud

of the feasibiiity of sealinyg or removing asbestos from student aread)

13

in the courte of the above researsh more than 500 ganples af pir coltected
in over 50 cirjes and 40 public bulldings have been Jilyzed for aibestos.

These forlude woprogimately 99 sauclos collocted in 12 schonlsg,
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The results of this research hads shows that asbestos of the chrysotile
veriaty can be found as a ubiquitous contaminant of the ambient air of
all metropolitan aveas. Over 24 hour sampling periods, concentrations
up to 90 mogrmlucor3 (nslna) (A nanogram is a billionth of a gram)
have been measured in compogites of quarterly samples. Of these long
tern samples, most (about 95%) had concentrations less than 10 ngl.z.

. In the analysis of six Lo eight hour samples .collojctod between 8 AM and

S PM higher concentrations are commoniy found, often op to 40 \ii/is.' '
These increased levels can be attributed to such sources as erosion of
asbestos from automobile brakes or from construction acuvtctek oo dogplion ¥

During the period of 1969-1971 asbestos concentrat fons were ms_utgdm
at rooftop lavels of buildings located up to 1/2 mile from construction
sites where asbestos-containing materials were being sprayed for fire-
proof ing purposes. This evidence of widespread contamination led to the
prohibition of this use of asbestos by sevecal governmental entities in
1972 (e.g. New York City, Boston 11l1inois) and nationally by the EPA in
February 1973. .

In 1973 we undertook a study of the asbestos contamination of build-
inge in which asbestos materials had been applied for fireproofing or
acoust {cal purposes. ‘That study involved th» collection and anslysis
of 119 samples collected in 20 buildings of five U. 8. cities, The
results showed cvidence of air contamination in buildings in which a
loose, fluffy, fibrous -type of ashestos spray material had been applied.
either for sound control or to structural steel for fireproofing in spaces
used as retren air plenums. The report of that study recommended:

An eff2c.ive inspection and monitoring profram should be developed
that would verify the integrity of asheatos spray materinl used for
acoustic or decorative purposes oa the willy and ceilings of bublic
rooms and buildings.

Periodic spot sampling and analysis of the olr {n buildings using
coment it fous fireproof ing shonld be made in ovder to assure that
future alr contamination of these bui tdinsg:. doed not oceur

More cxtensive sampling and analysis for asbhestos should be done in
those bulldings where fibrouas spray f {veproof ing haw been used, in
order to define the full extent of ashestos air contamination.
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Research must be undertaken to determine an effective and economically
feasible air cleaning system that can be used in buildings with air
suppiydplenums sprayed with such fibrous materials

Procedures should be develcped for use during maintenance activities
that may be required in asbestos~-lined plenum spaces in order to
ninimize possible building air contamination.

Procedures must be developed and specified for use in those buildings
in which the asbestos is to be removed because of unacceptable con-
tamination., Hers, consideration must be given to both occupational’

~r-  -and-future envivonmental exposures.

In recent years attention has been called to the presence of asbestos
in pupil use areas of achools, and to the associated potential health '
hazards. Damage to asbestos coated surfaces was seen, with friable
materials found flaking and contaminating large areas, in a grade school
in Wyoming, a university dormitory in California and in the Yale School
of Arts and Architecture in New Haven. In both the wyc_mlng school and
the Yale Library air measurements by optical microscopy for asbestos
showed concentrations that in some circumstances exceeded the then exist-
ing occupational standard of 5 fiber/milliliter (f/ml). 1In the case of
the Yale Library detailed documentation has heen proviﬁed\on.asbestos
exposures befute, during and after removal of the insulation material by
Dr. Robert Saﬁ;r::r. :

In the fall of 1976, loosce flaking sprayéd ashestos was geen in a
school of Howeli Townghip, New Jersey, leading to its removal and to
further concern about the presence of dateriorating asbestus in other
school buildings in New Jersey, Through the a;qp!cas of Congressman
Andtew Maguire of New Jersey the National Institute of Favironmental
Health Sciences undurtook to determine the oxtent of the ashestos rroblem
in New Jersey schoels and to demonstrate the feasibility of possible .
control measures. Under a contract from NIECHS the Environmental Sciences
Laboratory of Mount Stnai undertook this study. A copy of the final

report i fncluded for your record.
The research revealed that of approximately 2400 schools in New

Jersey, 269 (n 142 districts had nearly three willion square feet of

asbeston material in clastreoons, iditotiums, halluvavs and othaer rooms

RIC

Aruitoxt provided by Eic:



accessible to pupils, Forty-eight of these schools were visiced and
material samples taken of what was thought to be asb\-stosocontainln.s -
surface coatings. The analysis of thegse samples revealed that wost
contained between 10% and 50% asbestos. of the 48 schools, 33 had
evidence of damage to the asbestos surfacea, ranging from minor, localized
damage, to severe, widespread ai)'ime and deterioration., Extensive
physical damage was seen in some schools snd in some circumsetances looge
shrouds of asbéstos wétd hanging from the surfeces or had £allen to. the .
floors. Alx sampling in several schqols revealed concentrations up

. ) to 2000 ng/m3, higher even than those we had earlier measired about
sites of spray fireproofing., Often concentrations in excess of 100 us(/al3
were found; these were always in ajsoc fation with visible evidence of

damage or deterioration. Adr sampJes were taken in two aschivols during

act lvit fes which produced dam similar to that already piesent. (This

was dun;:' fn two schools {n which the asbestos material was about to he

removed or sealed.)  Alr concentrations excueding 2 f/ml were found, . e.

LA A above the current time weighted average asbestos standard for workplaces.
/ ‘The conclusions that can be drawn from thig work include:

. 1f visible damage to or erostea of any asheutos containing spraved
. material i ovident, fnereased ashestos air concentrat fons would
have existed at the time of damape andmay still persist

sich damape 1s 1ikely to reodsar or to coatinne. In such elrcumstances
atr concentrations 10 to 100 times normal hickpround miy be expected.

Where vinible dumage or erosion fa not evident , asbestou afr con-
contrat lons are 1ikely to be 1ittle different from background, bt
the possibility of later damage and future asbestos fiher release
with concomit ar tncreased atr concentrat ioas cannot be exe lnded.

Extonnive documentat lon exiusts ot sorfous disvase among workers
dirvctly naing Aasbestos or ashestan materfals aad thoeoe wnrk'h\g nearby.
Additionally, asbeston cancers have been identivied in people whe sioply
Tive in the e ehobd of an asbestos vorker or Jabout an wheston factory,
tinfor tiesate L, we do nat hive e ur ite Knowledes of thee conrenty stions
of asbedte to whiteh Tndfvidils were exposed W Y0 gaears ase dn tHie
above o froamst w e, Thas health eftects cavet be uneuivacatty
[PFIRFIE T I AR I SR TR & SRR TR Y ivettsy Bt 1w e ol 10R-TE ll,",’l-l-‘

-
ey ool n thee Nees doviaew schoot! - o pled Al an other tu%laaps with

"
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similar conditions. Furthermore, it is unlikely that a clear associ-
ation of such levela and the p}eoence or absence of asbestos disease
will be made in the foreseeable future. However, this absence of dose-
disease data at lower exposures levels (m;n-occupational) also precludes

21

haviug knowledge of a threshold for asbestos-cancer (as for carcinogens

in general). Thus, "the prudent person™ dpproach would indicate 'tha':".
at the least, where feasible, excess asbestos exposures be controlled.
At the moment, we do not know how little asbestos is needed to incresse

e risk of cancer.

In gchools control methods are available. In this project two possible

.methodis were investigated; the complete removal of asbestos-containing
materiufs, and the "scaling" of such material b>.' an approprlate covering
agent. A third procedure, .that of encloa;lng the asbestos with other
butlding products also may be appropriate in particular, limited, cir-
cnm;tam-es. :

'n peneral, sraling of firm, intact, cementitious asbestos materials
procec deo, swoothly with nio measurcable dissemination of nsbestt;s fibers
into adjacent achool ar:zan attempt to se3l loosely-bonded fibrous
asbestos materfl was not suce ~swi‘ul « In many circumstan-es, the use of
scalauts over well adhering fementitious type asbegtos mixcs may be war-

% o Fantes,  They are relnuvel( easy to apply, compared to removal in these
circunstancen and cuan prevent or minimize surface erosion of fibers. When
loosening of the ashestos from the substrate {s no problem, this may be
the control mgasure of chofee. This procedure, however, allows the asbes-
tos to remain in place. It may subsequently be dislodged during mainte-
nance and renovation activities, and during demolition of the building,
full removal containment procedures would be required. Furthermore, one
may not have complete assurance that the asbestos matrix will remain
lorked to the sabstrate, Water damage and physical abuse could produce
di~slu-)g.-m~,~:|t in the future. .

In many typleal circumstances found in New Jersey sehools in which
Yoy voapacted, frtahte caler o o antainleg witerfals aze applled to
tlat, open areis a; hiltwavi, clasa-ws and anditorivwat, the remeval
ot eihestos naterials cm be aeconptished ef{feiently and ofteett- .1y,
Complete wetting o' the anbento ., caretul en lesure methods and therough

clerup can minisice centaminat fan trom tepwoval operat feas.  Once remaved,
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any concern for future asbestos related problems is eliminated. For

many school situations with loosely-bonded-asbestos which is flaking

from its substrate, it may be the control procedure of choice. However, each
school situation is unique. It must de carefully assessed and countrol
procedures selected for the particular‘ circumstance in an individual

e - BENOOL. o mm e em e e . - e e
The use of asbestos in schools of New Jersey is not unique. New
S~ York City has determined that asbestos materials are present in student

use areas of over 200 of 1100 schools. In Massachusetts extensive use,

?f asbestos in schools has been reportad. It is a nationwide problem.

School districts have limited vesources. They are hesitant to undertake
requisite control prucedures in the absence of appropriate guidance and
assistance. With.a potential asbestos exposure to more than a million
children urgent action is required by appropriate federal and state agencies.

e
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ASSERTOS CONTANITATION OF BUILDING ALA SUPPLY SYSTENS
Willimm 3. Nioholesn, Arthur M. Mohl, Srving Weismen
e 3 8ng % Y. usat of
Commaity Sedieine, Mount $1061 Sohool of Medistne of
the Oity Untversity of New Yook

L1 ~Coatat L n

Spreyed, esb o fidee ia-
sulotfil ves tatroduced tato the United Stetes 0 1038
It & considersbls use during the lste 1930's aad

TTTT T 1840°) for desorstive finishes and acowetiost tmsuls-

tion §p night elude, restaurants, Wotels, and other
utle + Whea this weteriel wes else found to be
usetul ss o fireproofing agent, Underwriters labora- °
tories Gove spproval for this purpose te 1080, The
firet uso of spreyed asd Mg aaterisl for
otrietly f1Peproofing purposee in ¢ large mitiple~
ostoried butlding scourred tn 1988, with the eometruo-
t3on of the §0-story Ohase wenkatten Bemh beilding ia
How York City. This use eupanded repidly until, e
1070, veil over Melf of sl lisge multi-story office
Sui1dings censtrueted in this country made wee of
ouch sproyed materisl es & fiveproofing egent.
Toraeely, struetursl steel in melti-story i ldings
d to 5 encased ta concrete to prevent Sucklling te
0888 of fire. The use Of eprayed sshestes materisl
provided ed fire and reduced iastel-
1stion coste through tte repid application snd s lower
weight load upon the 1 otesd te.
Such sprey meterisl 180 hes found uee for therwsl
1a0uletion end condensation control.

There sre two prinoipsl wethods of applying spray~
od mineral f1%er. Tn the dry sethod, dry msterisl,
{ncluding binders, 1o unp from ¢ peper shipping bag
16to 8 167ge hopper, whers :he material fe agiteted

. 8B4 subeequently blova 1ato ¢ 3- or ¢~1a0h hose. The
h0Se conveys the materisl to & nossle st the sctusl
site of spplieatics. As the 4ry materisl Lesves the
Do8sle, 1t passes through the focus of ¢ ring of fine
sater Jote. Nixing tshes plece et this foosl point,
whioh 16 within 18 tnches from the end of the nossle.
This produees ¢ fibrous metrix held tv the steel by
the vater-activated binders.

The vet nethod differs 16 that the material o
srenized with water in the hopper, and the resulting
01urry 1o yumped through ¢ Bose snd sprayed upou the
surfece to he oneted. The mechenicel Ouipment g
sintler to thst used to spply plester. Mortlend
Poment $ad EYPSUR present 16 the CeMIDtitious vet mix
provide 8 bond to wilding steelwork. Of the two
pplicstion procedures, the surfece produced by the
senentitions proesdure 1s eigoificently lees friedle .

The asterisl used tor dry sprey giveprooring tn
iuu:la' osmstrustion usually 19 ¢ dlend of 8 to 308
¢hrysctile esdestos fider, niners} w0ol, 818y Niadere
({TR" t6), s6hesives, systhetie restins, snd other
Proprietery sgsuts, such o8 ¢ils. The meterisl used
£0F 800usticel ond desoTetive Jrposes "My contein o
§reater perseatsge of ainersl wool and littls or no

0shestos f1her. Matertels sPplied es o spreyed slurey

often will contetn vermiamitte, SYpouR, oad shorter

L f1ders. B the t10us sateriel
e & mueh greate: deneity end tasressed LAt por
VBRIt 8700, & GUPPOTLIRG Struiture must be destgned
sceordingly. .

The Quantity of minerel f1ber used for sprey sp-
Pliostions is the United Stetes tncressed steedily
from 1988 to 1070, It hes been estimated thet 40.000
tens of asterisl vere used for firepreofiag aloss ia
1008, (1) 1n 1000 ea¢ 1910, ¢ survey of sabestos e-
lesions in New Terk City revesled thet the msjor
of11co buildings under comstructions tn Meadettes
would use 1o excess of 3,000 tons of spray fireproot
iag materiel, 4 to ted P 3y 700
tons of ssbestos. Smaller butldings under comstruce
tien 1s other Borought use perheps s equsl smoust of

Such 4000tos materiel .

Daring the application of spray fireproos:
astectel, 1t wes mot for the widespresd gye-
Senindtion of asbestos 1o ocour. In sn earlier study,
(8) seasuressnte uade shout sites of spesy spplies-
tice of shoved 3
tretions to exceed thode of bachkground By more thas
100 tines. Beceuse of concern for the possibls hesith
offoct on the populstione of urben cebters from such
9 of eod + this procedurs wes prodidited in
various locslities (New York, Soetun., Philedelphis,
3).40010) 1a-3he e0sly 19%0's, sad Linally prodids
sation-wide by the 1 A y ia
1M,

One tesidious form of Poseible environmentsl se-

P . « remeing from this proeess,
oither through damige oF eroeion of scousticsl syray
saterisls, or threugh eroston iato building eir supply
oyotens of ssbestos fiders from spray-l1ined plecun
opaces {a offtes buildinge. Pigure I schemstionlly
113 s guet pply. M oturn eir oy

y used ie 1y 4 dulldtage.

zigure )

. otp flow snd tion o! £1brous 310~
S Sating seveting irserensT peasT -

Bere, str 1o supplied to cocupied rooms through sheet
utel aote. feturs oir, hovever, 18 not ducted Wt
PR88es through o plenun epsce formed by the dung
seiling of o room and the underside of the floor ebove
It them 1o carried to the faa Toe8 through osatrslly
1oeated duots. nined with perbape 18 to 908 freeh
oir, undergo . 1 f11tratt and then 1o reetr~
wileted throughout the butlding. As siternstive pro-
osdure, that of RAving the Pretura str ¢3s0 cbrried e
® oheot motel dust from building rooms adds eigeifi-
08Atly te construction ecets. As the steslvork withe
18 the plenus 8psce hes ususlly Bees spreyed with
SS000t00~00ntaining natoriel, the Peessidility of ero-
o10n of asbestes fidere tato the sir supply system
existe. Adfitionslly, msietenenos sctivities within
thie spaee esa daaage the fireprecting oad

the air supply eystem,

Apsgesment of Asbestes Contemjpetion

To teet this POSetbility, 114 ssmples of indoor
and outdedr o1% have teen anslysed for eshestos.
Ninotesn BuLléings te five United Stetes dities wore
shoten to Fepresent the vErieus eonstIvuotion uses of
60000t00-00Rtalalng SPrey materisls. Ususlly, otght
samples were talen St ¢ gives building sito: two
within the fan shamber sanpled the return sir sost re-
oently 1n costect with the fibrous eprsy msterisl,
four sanples 16 offiees % ¢ifferent locawions withie
the wuilding, 8ad two semples of outside eir tehen @
the roof oF ot the air tatele to the foe room. I

298
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seuples were takea over en B- to 10-hour tine p. TR
t 1 oper of, the oty ¢istritution
systan. Oscssionally. ssmples Weuld Bo tohen ot Right
t0 aiainise incenventienios to Butlding eecupmats .
tutldings were sampled twice, on cendesutive days.

Lond
ll‘nm tilters. baving an effestive 8res of 10.8

P e aiadll. R
11dings Tegording o Type oF ¥

aligjeg
a®. The air 210V ws Pproduced by ¢ vassus puap $it- m
ted with ¢ 10-1/ain criticsl oritice. Tollwwing sud- »
. sission to the Mnvirommentsl Protection Ageney 1n A “ ot
Worth Carolins and coding. the 110 ¢amples were amslys- § ] 10 1908
od uelag previcusly d ot 1 ps [ 7 s b dod
— c o sochniques. .. . F ] t 2 $ 1073
To prepare ¢ ssple for euch saalysis, s portion : 18 0.3 e
of the nenbrene filter With the 5011e0ted meteriel was 4 .8 4 100
a0uRted on © BIEroscoPs slide and sehed in ¢ low temp- Zibrous Sprey
4 gon asher for 30 uinutes te one
Bour. This served to remove the Bembrans filter wee A 8.7 3. 1000
tertal, sil organic materisl 18 the osllected seaple, B (20 sealsat) » (2] 1900
' 0008, and Other COYISRA0NNUS meteriel. The residue. C (no sealaat) " 13 1%
. consisting mostly of 1y ssb and RIDEVAl mstter. W D » 4 wn
: diopersed on the wi slide by grinding the s 11 14 1908
semple with © watch glass ia & solution of 1% attres 14 200 - 178
cellulose in snyl acetete for § to 10 uimites. .Toe 4 ,
senple wes dispersed fairly unifornly over two micro-
soope slides by plaet hoe $1a88 ol slide A s 4.8 1000
over, the gr aple, and ng the at > | ) 8.8 18
slides spert. Upo GVaporatton of the syl Sostste. ] 4 »
the Atsperssl was scaomed for uniformity by light 4 17¢ .
RICYOICODY. SRd TOPresentative aress were chosen for 4 ”ne b
: . aicrescops ride (ot Grom tous Bo Asvestos Sprey
Yor esch saaple. ot least one grid equare frow four
9 s o A 7.4 0 1933
\lu::ly those with exceptionslly high values, eight ° * 3.0 1898
§rids were scaaned from two sanple preparations to in~
crease the reliadility of the results. o genersl, *An 1ndividuel value esseadiag 100 ag/md
the Scenning of additionsl square yielded velues was found, suggesting locslised ooatemivatios.

spproximstely those originslly obteined, end the re-
sults were siuply sversged. .

The Progessiag of blask filters with eaoh set of
four samples served to monitor contsminstion éad pro-

Distributions of $adividusl esbestos OOREERTIE~
tions for buildings using Osmentitious snd fiberovs
spray ere plotied 13 Figures 8 snd 3. A sisilar plot

vide o ot 1sb y bachground. Thess aaly- oo, pyildings with scousttc or Jecurstive spiey wae
508 indloated Sn sversge bechground level of 10 navo- not possible ss only 1imited dats wers svitlable o
grans (ng) extsted. snd this valus was subtrected from teide oty © tone Ot the time of ssmpliag.

each sanple BESS PrIOP 10 the chlouletion of the cone

ceatrstion. This, in tm‘ led to equivelent dacke

ground of from 3 to § ng/u® in & Fiven eanple of the
+ sete snaiysed here. AS the be b round 18 independmt

of the volume of eir ssmpled, aose ssuples with the yigure 3

lerger o1r wolumes "84 the lower correction velue:

™a=le 1 ltste the 8 b ons 204

of indoor end door 81P in 4120 tuiidings group~ Outatde

od by the type sdd use of insuletion msteriel. Coa-

siderable variability exists te the 1P coseentrations 404

asasured 10 verioys Buildings. Aversge velues t’ut

for the oi? 1801de Mildings range from 8.8 ng/u” to ’

300 ng/8d, with indivtdusl BeAsurements from O to E 204

Instde

00 . For the outside sir, the varistion for
the Sverage ronmuo. st o given site extends from
0 to 48 ng/n”. Contsntastion ts suggested in those 204
uildings thet Bove o levels ot leset three
tings grester asd 10 Bigher thea 0NCEMALPEtions
ssssured outside. Of the four duildings in which 104
contentnation 18 wggested (wildinge 3.C.D. aad 7,
tireprooted with fibrous sprey), teo were reccatly
constructed and the other two were unique in thet 8o o
sealent Md been 0pplind over the 5heStos OPTeY metert [3 | 3.1+] 8.1-[p0.2-[80.4- 0002
101, 3 1 80 ' %0 -
While 0o tdetpread ¢ idence of oonteminstion was NANOETING/B0Le
found 18 this study of bulldinge Nviag decorstive or Porcontage of comentiticus o 168
scoustic sprey, three buildings with decarstive spret ¢! 106 coRcen
hed g semple vith 8 siver toa dieg 100 k4
. suggestiag 100eltsed contaminetios. Addition- .
- slly. tactidents of contaminatios of sueh buildings have
ocairred olseshere. Where 1t ocourved, vistble demage
to sprey meteriel ¥s evideat.

g
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:- lt.lo .”

s 20 "r‘ .
nenegraas/met

Percent. og

Referring to the figures, 1t con he Seen that o te
o« per age of woseding 50 ag/'
18 found 10 buildiag atr of theee duildings in which
4ry-type 8o0estos Sprey f1repreeting 4as deen ueed.
(Yventy 16 srditrarily selected for this coe-
parison, as soet otr asd OB
D of epacific souross. are

o 18 the
lower.) (3) + OVOF Balf of the itadoor semples
MDmnmdth ot

2o g !

Senpiing  Mumber of l»um.'lr I'nl
1/8-1/6 nile 11 o N [
1/74-1/3 uile [ ] o - »
1/8- 1 wuile [} 3.0~ 1

Bealth Brtects

t Socumiteting that exposure to sdestos
18 other then oocupst: S1PCURtances 1o sufticient
$0 produee disease. In 1960 Wegner ($) decunsuted
08000 of Besotholions in resid of an 06d
lag ares of South Afries. IMamy of these 1adivieusls
od saver werked V1th asdestes; their enpesure wes
485000ieted vith living ehout the ainee, wille. or
To0duays along vhich the asbestes fiber w00
od. In 1964. 13 & review of N0 csses of Nesothellens
18 the Loodon Mo T

roughly helf vere fousd 10 Be 18 the former employess
of an = maath 188

9 sshestos fastery

o 1ived with vorkees ea>'.ged is that faotery.
Recently, ¢ study (6) of the populstien of relatives
of forwer wortmes of en smcsite produsts fastory 1s
Paterscn, New Jorsey, has shows thet 398 of tently
BEbers DAVe X-ray evidence charscteristic of esbestos

L1008 18 eNcess of this value. On the other hand,
TheFe Wb TITEBt SStTsrants

e, Additionslly, four 0sses of mesothelions

have so_fer been tdentified ga this greup of relatives

T8 T QLRI ~ o

tion of 8ir concentretions ig Suildings usiag semen-
titious firepreeting materisl.

Berirooamsel Asbestos Ongosptestions

s Dor conparisos purpeses, Tadle 3 1ists the reange
of ohrysetile conomtrstions in querterly coupest tes
of 34+hiur aubient eir ssuples ¢ ia 60 metro-
politan’eress. (3) As oen be + the great mejor-
ity of thess 160 110 18 the concsatrgticn range
under 10 ag/n' .,My teo exceed 30 ng/n’, snd omly one
6%00eds 30 ng/n". ¢ sample taken 18 ¢ eity heviag four
08000108 brade lisiag mamufesturing pleats eith uncon-
trolied antseions.

adle 3y .

-40 3

0 e 1
— —————

Totel samples 197

Tebls 3 1ists ohirysotile sir levels neer sites of
spray fireproofing tekes o 8¢ the time period 109~
1070. Ners, levels much 18 emosss of beekgroun 4 con-
omntretions cas e eeen. 10 other detarminstions of
() 3 asbd otasents o date taken
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1.  INTRODUCTION ) ' -

In the fall of 1976, attention was drawn to loose, flaking asbestos
material in a New Jarsey School and to concern }e';arding asbéstos mate-
rials in other schools in the state. Further, such materials had been
identified in schools 1n New York, Massachusetts, California and other
states, where they had been applied on walls, ceilings aiad other sur~
faces for" inmla-t.ion or decorative purposes; this pointed to a ﬁouible
general problem nationwide. Various control measures were Lroposed or
utilized in different circumstances, iuncluding complete removal of the
asbesto. materials, covering them with a sealant, or enclosing them with
other building materials.

This project was undertaken to assess the extent of use and curreat
condition of asbestos surface msterials in New Jersey schools, to evale
m.t.e the potential for asbestos exposures to pupils and to evaluate the
feasibility of removing the asbestos materials or scaling them with
appropriate coatings.

2. USE OF SPRAYED ASBESTOS MATERIAL

Sprayed fiber insuvlation material containing asbestos was first

introduced in 1932 in Great Britain, where it was used for condensation

1 Because of the excellent heat resistant

control and noise abatement.
properties of the material, 1t was also quickly adapted for thermal
insulation purposes. The first usc of sprayed ashestos in the United
States was 1in 1935, when the material was found suitable for acoustic

purposes and for decorative finishes in pub!ic spaces in nightclubs,

restsurants, hotels and other buildings.
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The use of sprayed-asbestos materials in the United States expsnded '
rapidly after World War II, with an important additional use being the
fireproofing of structural steel and other componsnts . of high rise
offide bduildings in major cities. .'ﬂus bc.;ln in 1958 and continued
through the 1960°'s. At the same tue.. continued use was made of sprayed
asbestos materials for thermal insulation and decorative or acoustical
purposes. Noise control was a major reason for sprayed asbestos mate-
risls being applied in auditoriums, libraries, hallways, classrooms, and
other areas of school buildings. As, _theoe ugses of asbestos expanded, so
did the variety of spray materials. Subsequent to World War II asbestos
vas contained in loosely-bonded, fibrous mixes, cementitious formula-
tions, plaster materials and textured paints.

BDuring the latter part of the 1960's concern arose over the widee
spread dissemination of asbestos about construction sites. This led to
attempts to control spraying of asbestos through procedural tegnlath;in
in New York cit.y2 and elsewhere. As these were found ineffective, the
spraying of asbestos materials was prohibited by several cities and
states in 1970. and 1971 (Boston, New York, Philadelphia, Illinois,
e.g.)3 and nationwide by the United States Environmental Protection
Agency in 1972.‘

3. HEALTH EFFECTS ASSOCIATED WITH ASBESTOS EXPOSURE

Asbestos, including its major commercial varieties, chrysotile,
amosxte.'.and crocidolite, has been found to produce significant disease
amofig workers occupationally 'xposedJin its mining and manufacturing,
and in the use of materials containing the fiber. The predominant route
ot exposure has been inhalation, although some asbestos may be swallowed
directly or atter peing brought up from the respiratery tract. Diseases

associated with asbestos exposure include asbestosis, a non-malignant
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sca_téing of the lungs; bronchogenic carcinoma (lung cancer); msesotheli-
oma, a tumor of the lining of the ches’ and lungs or of the abdomen; and
cancer of the gastrointestinal tract (esophagus, stomach, colon, rectum).
Not only have such diseases been found among individuals exposed to
asbestos ("asbestos workers") directly as a result of excessive work
exposures, but asbestos-associated cancer has also been identified,
. albuit less frequently, among those with inhalation exposures of lesser
inteasity, including those who had worked near the application o; removal
of asbestos msterial, those with history of residing in the vicinity of
asbestos plants, or in those who had lived in the household of an asbes-
tos worker.

a. Occupational Exposure Effects

The full spectrum of disease from asbestos exposure is pechaps
best demonstrated by the data of Selikoff, Hammond and Seidman concern-
ang the nortalit-.y ‘experience of 17,800 asbestos insulation workmen
observed by the-.s Table 1 shows the expected and observed deaths among
this group of workers from Jasuary 1, 1967 through December 31, 1976.
Among the 2,270 individuals who died, 44 percent died of cancer, with
one in five deaths due to lung cancer, one in ten from gastrointestinal
cancer, and more than 7% from mesochelioma (a tumor otherwise so infre-
quently found in the general population that it may account for only one
in ten thousand deaths in the absence of exposure to asbestos). Adda-
tionally, seven percent died of asbestosis. Comparing the frequencies
of deaths from cancer and asbestusis in these workers with those among
tne general population, nearly 40% of the deaths in this group of work

ers can be attributed to their occupational exposure to asbestos.
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Asbestos related Jtaeaae has also resulted from exposures in ssbes~
tos factories. A study of production employees of the largest asbestos
products manufacturing t‘ictltty in the United States again demonstrated
the presence of significant excess diaeaae.6 In this atudy.“tho mortale~
ity experience of all 689 individuals who‘ were working on January 1,
1959, and who were first employed prior t;> 1939, was analyzed. Frca
1959 to 1976, it was expected that 188 deaths would have occurred in
this group. Instead, 274 died, 46% more than anticipated. About 40
cancers were expected; 99 were ohserved. As shown in Table 2, the
anticipated asbestos-related tumors were found in excess -- bronchogenic

carcinoma, ngaothelioua. and gastrointestinal cancer.

b. Lapsed Period with Asbestos Disease

One of the more important aspects of aabent;s related disease
18 the occurrence of a long lapsed period from onset of exposure to the
appearance of clinical illnmess. Data from the previously described
group of insulation workers illustrates this fact clearly. A signi-
ticant rise in the number of cases of lung cancer occurred only after 25
years from first exposute. In the case ot nesothelionQ the majority of
cases are found after 30 years (Figute 1). 1t is useful to note that
current disease 13 largely the result of exposures decades ago. At that
time, few or no dust measurements were made and we know little about the
intensities of the exposures in the 1930's, 1940°s and 1950°s, which
have led to the uisease we are now seeing.. In the same vein inadequate
tontrn}l of exposures now may lead to dnseas; 20, 30 or 40 ydars hence:
Unhappily, 1t 1t does adeur, 1t geuerallv as fata. since current thera-

7
pies tor these jllngsses are tnettective  Thus, prudence would suggest
’



that human health risks in the future be minimized through the elimina-
tion of any avoidable agsbestos exposure at the present time.
]

C. Synergistic Effects with Occupationsl Asbestos Exposures

A second iwportant concern is increasing evidence that many
cancers may have a multiple factor etiology. For example, lung cancer
in asbestos workers is strongly auoct‘at.ed wvith cigarette smoking. Ia
the large cohort of 17,800 insulators observed by Selikoff and Hammond,
the smoking habits were obtained on the majority of workers in 1967.a
Table 3 illustrates t."he effect of cigsrette smoking on lung cancer
mortality of these workers. Among 2,066 non-cigarette smokers, only
eight lung cancers were seen in a ten year pcriod.'wherc 1.82 were
expected, based on American Cancer Society data on the risk of lung
cancer death in non -smokers. Inhalation of a-sbnt.os by insulators
appears to multiply the risk by four or five times. Considering the
dats for men with a history of smoking, asmong 9,591, 325 deaths were
obsfrved versus 66.78 expected, alsc a fivefold increase. However,
since cigarette smokers already h;ve a ten to ts;enty times grea'ter risk
of lung cancer death than non-smokers, (depending on cigarette consump-~
tion), the multiplicative effect of the asbestos exposure increases the
lung cancer risk up to 100 times for smoking asbestos workers compared
to non-smokers unexposed to asbestos. This was alsc shown by the experi-
ences of & cohort of New York and New Jersey insulators.9 Here, 1t was
estimated that the risk of dying of lung cancer for cx;aret}.e-noking
asbestos workers was more than 90 times that of individuals who neither

smoked nor worked with asbestos.
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d.  Indf-ect Occupational Asbestcs Exposure

In 1968 it was pointed out by Harries that shipyard workers

other than insulaton were at risk from asbestos duuu.m

Asong
Devonport Dockyard employees, five cases of mesothelioma were found
among men who had not been "asbestos workerd” but had folloved other
trades in the yard. These men presumably had been inadvertently expvsed
to asbestos merely by working in the same shipyard a:c;s where asbestos
had been used. Coixunuing to follow this group, Harries later docu~
mented 35 cases of mesothélioma in this shipyard'alou. only two of .
which occurred in asbestos workerss, one, 8 man who had previously
sprayed asbestos. A study of the dutrtlu:uoa of all verified cases of
mesothelioms found in Scotland between the years of 1950 and 1967 is

12

also revealing. Of 89 cases available for study, 55 were in shipyard

employees, dockers or naval personnel. Of the 55, again only one was an

4
asbestos insulation worker.

A third important study of workers in British shipyards is
that of John Edge, who reviewed x-rsys of former shipyard Workers in
Barrow.” A prospective study was conducted of 235 men whose x-rays,
taken between 195:5 and 1969, showed abnormalities characteristic'of
asbestos ex'posure }pleural plagues, scarring of the covering of the lung
or lining of the[chest). but no parenchymal fibrosis (scarrigg of the
lung tissue). M ':t of these x-rays‘were of individuals (riggets, weld-
ers, c.nrpenters.ielectncians. machinists, steamfitters, etc.) who had
not worked direc}.ly with asbestos, but who could have sometimes been

uearbv when asbe_e':tns was used. In tracing the i1ndividuals who had such

a9

- . RN

-,
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x~ray duun, it was found that 70 hed died from 1970 to 1973, O%

o

these 70 desths, 13 were of lung cancer, two and one-half times the
_ number expected, and 17 were of mesothelioma (uoui. of course, ‘vere
- anticipsted). » t ¢

e. Environmentsl Asbestos Disease )
" 1a 1960 Waguer uvicw'od 47 cases of -mesothelioms found in the

v . Morthwest Cape Province, South Africa in the previous ftn ynn.l." ’0!
4 this aumber, roughly half were in people who- had worked with ssbestos.
Virtuslly all of the rest, however, were in individuals whos had, dccadc;
before, 'oiuply lived or worked in an ares o; asbestos mining (one lived

along a roadway in which asbestos fibers were shipped). This germinsl

Y 'oburvauou demonstrated that asbestos exposure of limited intensity,
often interami.tent, could cause mesothelicma. The huaui was further

15, who showed that mesothelioms

‘pointed by the findings of Newhouse
could occur among peopie whose potentisl asbestos exposure consisted of
théir having resided near an asbestos h.ctory ,or in the households of
' asbestos workers. Tweaty of 76 cases from the files of the London
,uocﬁt.;l vere the result of such exposure, 31 were occupatiosal in

" origin and asbestos exposure was not identified for 25.
' A recent extensive study of the effects ?f household exposure has
* been con;luct.ed by Dr. Heanry Anderson and his colleagues of the Nount

16

Sinai School of Medicine. In & clinical survey of 489 family tontacts

-
+

. of foruet._fact.oty workers, it was found that the x-rays of 36.2% of
these 1nd¢;iduau showed a_buomlitie. characteristic of asbestos expo-
sure. It did not matter greatly what the relationship to the worker
was; tl;e asbestos dust in the houz‘ehold could affect any resident -~- )

vife, sons, daughters, parents. While almost all were currently asympto-
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. mstic, and while most would perhaps n_atfcr no impairment from their past

expésure, others tuy' be ‘stricken with an asbestos-related cancer ass &

L] .
result of past household $tos exposure. During the initial phase of

the survey four dealths of wmesothelioma had been identified in this
group of t;nuy contacts. *

4.  ENVIRONMENTAL ASBESTOS AIR CONCENTRATIONS

In occupational environments asbestos air coancentrations are deter-
mined by counting all fibers longer than five microns collected on a

portion of a tuu:."

As phase contrast light microscopy is Htilized;
no identification can be aade of the fiber types nor even whether they
Are sineral or organic. A further limitation of the tc;hntqng is t.hat.A
shorter fibers are :}bt enumerated, although they may constitute more
than 99% of the total aerosol by nu-ber.u To overcome these technicasl
dissdvantages, electron: mc:ooco'ptc tecaniques are uti}tnd for the
determination of asbestos in the ambient air. These allow ;buervauon

of fibers of all sizes and can determine theyhsbestos mineral species on

the basis of morphology (chrysotile) or of electron diffraction tech-

~

niques and electron microprobe analysis (amosite, crocidolite, anthophyle .

lite and tremolite). [In practice chrysotile is usually the only variety
quantitated as it is the dominant asbestos mineral used in the United
States it constitutes 95% of U.S. asbescos ulelg) and its identifi-
cation, because of its characteristic appearance, is much less time
conswaing. Further, as other asbestos minerals are usually ugsed :in
vomunction with chry-otile, the latter can serve as a8 monitor of com-

tamination for many asbestos containing products and asbestos uses.

'Y
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During analysis ot ambient air samples for asbestos, the presence

.

of other organic and inorganic material presents aignificant .anslytical
problems. ‘l‘ypical urban air wmey .'conuin 100 micrograms/cubic lh_t.et )
(u/ms) of "sn;pendéd p:tuculun".zo Such material is generally of
respirable size (less than 10 microns in diameter) and may include
25-50% inorganic matter. In contrast, typical urbsa chrysotile asbestos
concentrations range from about 0.1 unogtm/cub{_c meter (;Ic/ns) to
perhaps 100 n;/n3.21 Analysis of & limited number of samples of utb{a
air from Chicago, New York and St. Paul for other asbestos varieties has
shown them to be present at concentrations lower than those of chryso-

L]
22 Thus, asbestos may constitute only 0.0001 to 0.1% of the par~

tile.
ticulate matter present in & given air sample. Moreover, the asbestos
fibers found in the ambient air tend to be very smsall; while some are
microns in leagth, many more are individual fibrils with diameters of
only 20 to 50 nanometers and lengths as short as 100 nanometers. In
many instances, too, these fibers and fibrils may be agglomerated with a
variety of other materials present in the air sample.

These considerations preclude the possibility of coaplete quantita-
tive analysis of such ambient air samples by light microscopy. Further,
bulk spectroscopic or x-ray diffraction techniques have not been effec-
tive in determining chryaotile concentrations at the levels of concera
in the ambient air because of the presen-e of the much greater quantity
of oth.r inorganic material. Thus, electron microscopic techniques are
the analytical procedure of choice. Various procedures have been de-

23,24,25 Those used for the deter-

veloped by different laboratories.
mination of chrysotile air concentrations in this study are described in

deta:l i1n Appendix 1.

»
t.
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a. Qutdoor Chrysotile Asbestos Concentrations /

Asbestos of the chrysotile variety has been found to be »
ubiquitous contaminant of ambient air. A study of 187 quarterly com-
posite samples collected in 48 United States cities dutin.j 1969 to 1;70
showed chrysotile asbestos to be present in virtually all acttopol.tt.an
oreu.n Table & lists the distridution of values obtained in that
study. Each value represents an average of from five to seven 24~hour
samples and thus averages over possible peak concentrations which could
occur periodically or randomly. A second set of ambient air analyses is
also shown for cmlparuon.26 These studies utilized different analy-
tical techniquea but the results agree well. Of the three samples
greater tham 20 na/m3 analyzed by Mount Sinai, one was in a city having
a major shipyard and another in & city that had faur brake manufacturing
facilities. Thus, these samples may include a contribution from »
specific source in addition to that of the general ambient air. It
should also be noted that three other quarterly samples in these three
cities were considerably lower (< 20 ng/aa) and similar to values
measured in other cities. What is important, though, is that the ma-
jority of U.S. cities have measurable asbestos concentrations using the
analytical techniques of these studies. Concentrstions below 0.3 ng/a3
were found for some samples in this 48 city study and might have
occurred from background contamination during sample processing. There-
fore, one cannot state unequivocally that all U.S. cities always have
some chrysotile fibers, however few, in the ambient air. Such may
likely be the case, though, if sufficiently sensitive quantitative
analytical techniques are utilized. The origin of chrysotxl; in our airvr

could arise from man's activitics, or from natural sources, such as
A ]
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erosion into the environment of serpeatine rock for.ations containing
the mineral.

Similar data have recently been forthcoming from France,
providing evidence of the presence of chrysotile in the ambient air of

27 Tpese data are listed in Table 8.

Paris.
In a study of the ambient air of New York City, in which
samples were taken only ‘uring daytime working hours, higher values thsn

28 These were six-to-eight hour

those mentioned asbove were obtained.
samples collected between 8:00 A.M. and 5:00 P.M., and reflect what
could be intermittently bhigher concentrations during those hours com~
pared to night time periods, .for example. Table 5 records the chryso-
tile content of 22 samples collected in the five boroughs of New York.
It should be noted that the samples analyzed in all of the studies
discussed above were taken during a period when fireproofing highrise
buildings vy spraying asbestos-containing materials was permitted. The
practice was especially common in New York City. While no sampling
station was known to be located sdjacent to an active construction site,
unusually high levels could nevertheless have resulted from the proced-
ure.

To determine if comstruction activities could indeed be a
significant source of chrysotile fiber in the ambient air, six-to-eight
hour daytime sampling was conducted in lower Manhattan in 1969 about
sites where extensive spraying of asbestos-containing fireproofing
material was taking place.28 Table 6 shows the results of this sampling
and demonstrates that spray fireproofing can contribute significantly to

asbestos air pollution. In some inst.aces, chrysotile asbestos levels
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approximately 100 times the coacentrations typically found in the am-
bient air were observed.

b. Indoor Chrysotile Asbestos Concentrations

Of particular relevance to the current study are the analyses
for chtysotiie of 116 samples of indoor and outdoor air collected in or
near 19 buildiangs in five Uaiud‘Stuu 'cities.” The buildings sampled
included those in which vsrious asbestos minerals had been applied as
fireproofing material to the steelwork or for acoustic or decorative
purposes. As virtually all cprayed-ssbestos formulations comtsin chryso-
tile, it zerved as a marker for contamination ;ru such products. Table
7 lists the average chrysotile conceatrations of indoor and outdoor air
in different buildings groupéd by type and use of insulation material.
Considerable variability existed in the air concentrations measured in
the various buildings. Aversge vslues for the air inside buildings
ranged from 2.:'» ug/u3 to 200 ag/m3. with individual measurements ranging
from 0 to 800 a!/na. For the outside air, the vari;tioa for the average
concentration at a given site extended from 0 to 48 ug/ns..

While no evidence of generalized contamination was found in
buildings having sprayed asbestos materials applied tor decorative or
acoustic purposes, three rooms of buildings with acoustic spray had
fiber concentrations exceeding 100 na/aa. suggesting localized air
contamindtion. Additi. wslly, ifcidents of contamination of buildings
with such restos use have been reported elsewhere with even higher
levels of air t:out..mmmuon.27 In those circumstances where contamina-
tion was observed in the 19 building study, visible damsge to spray
materials was also evident.

On the other hand, more widespread contamination was evident

in buildings 1n which asbestos fireprooting material was a 1ed to the
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structural steel surfaces in return air plenums. This is shown graphi-

cally in Figure 2 in which the percentage of samples within several
concentrstion 'tangeo is depicted. Here it can be seen that the air of
those Suildingo in which the fibrous spray fireproofing had been used
had considersbly more s:imples in excess of 20 nz/m3 than either the
buildings in which cementitious spray had been used or in control
samples (samples in buildings without asbestos or of outside air).

Sampling has also been done in homes of asbestos insulation
workers and asbestos mill employees in order to determine the asbestcs
air concentrations in such homes. 'l'he.unpung and analysis procedures
were identical to those used in the pravious study. Results indicated
that air levels in the homes of asbestos workers can range from 100
ng/m3 of air to as high as 5,000 ng/u3 of air.3°

Table 9 summarizes the ranges ot chrysotile concentrations in
the vsriety of environmentsl and occupational circumstances discussed
above. The concentration ranges are only approximate and, in most
csses, are limited becausc of the limited number of samples taken in
given circumstances. Extension to higher and lower concentrations would
be expected with the availability of more data. However, the results
presented in Table 9 reflect the data refereanced previously in this
report as well as unpublished data of the Environmental Sciences Labora-
tory. While disease has been associated with some of the circumstances
listed in Table 9 (home exposures), these data, obtained between 1969
and 1977, may not necessarily represeat concentrations about factories
or in tHe hoges of workmen decades ago. In the absence of measurements

decades Zg(,. we can odly conjecture what concentrations of asbestos
- Y
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wight have been. Without .ouch data, we must be guided by those current

measurenents we have.

5. ASBESTOS IN NEW JERSEY SCHOOLS

The widespread use of asbestos materials for fireproofing high rise
office buildings or for decorative and acoustical purposes in other
public buildings has been mentioned. Several years ago, attention was-
attracted to its presence in schools, and to the associated potential
health hazards. Damage to asbestos coated surfaces was seen, wi;h
friable materials found flaking and contaminating large areas, in a

grade achool in Hyoningn, s university dormitory in Cautornu?'z

and in
the Yale School of Arts and Architecture in New Haven.3® In both the
Wyoming uchool and the Yale Library air measurements by optical micros-
copy for asbestos showed concentrations that in some circmuncu-
exceeded the then existing occupational standard of 5 f/ml. 1In the case
of the Yale Library detailed documentation has been provided on asbestos
exposures before, during and after removal of the insulation materisl.

In the fall of 1976, loose flaking sprayed asbestos was seen in a
school of Howell Township, New Jersey, leading to its removal and to
further concern abou.t the presence of deteriorating asbestos in other
school buildings in New. Jersey. As a consequence, the New .Jersey De~
partment of Education requested that school districts report the pres~
#nce and coudition of asbestos surfaces in all school buildings within
the state. Respons'es, listed in Table 10, revealed that 265 schools in
142 districts bad nearly three million square feet of what they con-
sidered to be ashestos material 1n classrooms, auditoriums, hallways gnd
other rooms accessible to pupils. s

To verity the accuracy of these reports and to i1nvestigate the

condition of asbestos surfaces 1n the schools, selection was made of 21

o
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school districts in which schools with sprasyed-on asbestos material
would be visited. The selection was accoqltohoi mm rsndom numbers,
but also employed a weighting factor to include more of those school
districts vhich had reported greater use of asbestos.

?ort.yoc't.ht schools were visited and samples were taken of the
msterial thought to be ssbestos. These were anslyzed for their-asbestos
content and for the presence of other mineral msterials. Aress such as
classrooms, hallvays, auditoriums, cafeterias. and lacker rooms were
priority locations for saspling, since they are used by large numbers of
students as wvell as by faculty. In seneral the suspect msterial was on
ceilings, although they might also have been applied to walls. Of 64
samples collected, 50 were in such aress, the remsinder being from
custodial or boiler rooms.

'\ulyou of the samples was accomplished using standaxrd Xx-ray
diffraction and optical microscopic techniques described in Appendix 2.
The results are shown in Table 11. In only two of the 64 collected
-uupleo wn' the pre‘unce 'of asbestos not confirmed. Chrysotile was the
most common asbestos mineral found, being preseat in $8 samples. 1la 72%
of the samples in which chrysotile was found, it was present in councen-
trations greater than $%. About one-third of the samples had more than
one asbestos mineral present, with tremolite and anthophyllite being
common consti;.neuto. They were alvays found with talc. This is a
consequence of the typical co-mingling of these three minerals in vari-
ous ‘ore bodies.

Msny samples consisted of & mixture of rock wool and asbestos
fibers, with rock wool being the major constituent. In others, non-
fibrous binder materials were present, including plaster (either sas

plaster of paris or gypsum, hydrsted forms of calcium sulpﬁute). ver~



EE

C

miculite (an cx!oluud. low density mineral .uuu to mica), potliu

(a low dcmit.y cxpand.d volcauie gl.cu). aud cuy. ccnulou as macere

ated paper or wood pulp was also found in some samples. " ’

During visusl inspection of these schools asnd the auiyoio of
collected samples, three general types of asbestos mtaims material
vere found. One was a frisble, lcosely-bonded, fidbrous mat spproxisiate~
ly one~half inch thick. The mat bad been applied by blowing a mixture
of asbestos, mineral (rock) wool, clay bianders (as, bcumito). adhe~
sives, synthetic resins and other proprietary agents through a two-four
inch dismeter hose. Upon leaving the hoic. the msterial passed through
8 water spray vhich activated the adhesives and bdinders. The applied
material would then have been tsmped and often sprayed with emulsion
type sealers ~-- letex or acrylic paiants. Most material of this type
observed in thuﬁ survey vas readily damsageable and could also bresk
loose l from the underlying !uttacc because of the inadequacy of the
binders. In the schools visited, the moat tl’OIllblelm problems were
those seen with this type of material and u.’ application. Figures 3
and 4 illustrate extreme examples of damaged and deteriorating sprayed-
on asbestos ceilings. Approximately one-thtid of the student areas
visited had this type of material applied. Its use in boiler rooms and
custodial areas was considerably greater,-however.

A second type of application involved the mixing of asbestos in a
slurry, often with other products such as veimiculite. This would be
spplied in the wet state to walls and ceilings, compacted snd formed
into a relatively smooth matrix. This material would also ususlly be
over-painted, either shortly following application or .subsequently. In

the schools we visited spontaneous disintegration of such materials was

42975 )« 19 = ¢ .
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— not seen. However, in areas accessible to atudentn,,griouq degrees of
abuse were observed., lnstances of damage are nhou;hin Figures $ and 6.

The third type of application involved the mixing of asbestos into
a cementitious or plaster-like matrix. This is applied as a slurry to
walls and ceilings, forming a textured surface of considerable hardness
which would usually be over-painted. Sucl; plasters or textured paints
have considerable stability and are unlikely to allow the release of
asbestos fibers through erosion. Although damage to these surfwses can
occur from physical abuse or abrasion, this was infrequently seen.

In each school visited the asbestos material v;s categorized as
above and an estimate made of damage. Results are outlined in Table 12
with the school and district numbers correspoading to t;hone of Tables 10
and 1l1. As can be seen, the severest problems of damsge and release of
asbestos fibers occurred in those areas in which loose, friable fibrous
spray material had been applied. Nevertheless, damage to other asbestos
materials occurred and was avident 1in many schools thag had not catego-
rized their material as “flaking asbestos."

This survey and x-ray analysis of materials, by and large, con-
firmed the presence of asbestos in those schools that had reported its
use. In 97% of the schools that believed their sprayed-on material
contained asbestos, such was the tase. In only two schools was the
reporied presence of asbestos not vonfirmed by x-ray diftraction analysis
of the sampled material. On the other hand, this survey did not proride
information on the number of schouls which may have been mistaken 1n
their beliet that they had no ashestos in surfacing material, and, us
result, did not report 1ts presence. That this possxhxl:t§ exists 3s

exemplitied by one instance i1n which o schowl otticisl stated that his
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administration had been told by its architect that the sprayed-on plaster -
mmesoee - @aterisloin their schpol-wes-asbestos-free. -An ssalysis of the materialy. s e
however, revealed that it contained about 2% chrysotile. '
The request of school superintendents By the New Jersey Department
of Education for information on asbestos use focused on potential pupil
exposures from sprayed-on asbestos. The possibility also exists that
pupil exposures from degraded asbestos-containing thermsl insulation
aight also occur. This was_found .to be the case in on; school visited
for othﬁr purposes by Environmental Sciences Laboratory personnel. No
- report jindicated that_ this particular school district had asbestos
preseat in iny school area accessible to pupils. However, deteriorstion
had occurred to some ssbestos containing pipe-covering of a degree
requiring corrective action (see Figure 7).

As systematic ssmpling of the more than 2000 schools in New Jersey
which did mot \xeport the presence of ssbestos was beyond the 'scope of
this project, it cen only be emphasized that some under-reporting of the
pre:e;ce of asbestos can have occurred and the amount of asbestos in New
Jersey schools as reflected in Table 10 may well be an underestimate.

The finding that more than 10% ot schools in the State had asbestos

Rresent and that, of those visited, many had visible damage, indicates

/ the potential scope of the environmental asbestos problem in New Jersey
> .schools. |

6.  ANALYSIS OF AIR SAMPLES COLLECTED IN SCHOOLS FOR CHRYSOTILE

a. Air concentrations during normal conditions

Air samples were collected in three New Jersey schools while they
were i1n session to determine the asbestos councentrations present. The

schools selected had visibly damaged asbestos-containing materials on

ERIC

Aruitoxt provided by Eic:



46

hallway or classroom ceilings. This condition made them candidates for
of sealant application or asbestos removal, The results of tﬁks sam-
pling and analvsis are shown in Table:-13 and provide an example of the
levels of asbestos exposure that might be experienced from the more
serious deterioration of asbestos containing sprayed-on material. These
chrysotile asbestos concentrations compare to those found in the other
circumstances of environmental contamination discussed previously (see
Table 9). It is to be expected, as with other buildings, that schools
with very little damage would have lower asbestos ai- concentrations and
those with undisturbed, intact sprayed-on material would have concentra~
tions little different from those of the ambient air.

‘' In the first school sampled (District 9: School 1), a small
smount of assbestds had fallen to the floor in one of the hallways.
After two groups of students had passed, @his was carefully swept up by
s janitor. A sample taken over 3 one hour period while this occurred
showed a chrysotile concentration of 320 ng/m3 of air. In the second
school (District 20, School 1), while the applied ashestos was damaged,
no debris was scen on any floor in the building. Nevertheless, asbestos
concentracionls were signif)cantiy different from background ambient air
(Table 4). In the third school, with a small amount of water damage to
the sprayed ceiling, ten minute samples taken during general sweeping ot

,/ the hallways revealed the presence of considerable asbestos in the an
vé&n though none was seen on the floors prior to the custodial activaty.
wWhile this a1r sampling program was ot Limited exteut, 1t Jid reveal

that u those viricumstandes where there wis evidence ot damage, «oncens
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Jtrations of asbestos significantly sbove background can be present in .

the air.
. The above findings are subst..a;u.a.t'eduﬁy data obtained mot.her- R
schools in other circumstances. During 1974, sampling at the Yale Art : *
and Architecture Building revealed high asbestos conceantrations to be
present due to dislodgement of the fiber from ceiling surfaces coated.

vith an asbestos-mineral wool mixture.>>

Table 14 lists coacentratiops
determined in this building using optical microscopy. The finding of
signifi:cant asbestos air concentrations stim- lated remedial actiog to
remove all sprayed-on asbestos containing material.

Unpubl i shed d;ta obtained by the Environmental Sciences Labora-
tory as the result of sampling and analysis for chrysot;ile asbestos in
one school in Massachusetts and three in New York City also revealed

35 Table 15 lists

significant asbestos air concentrations to be present.
the values obtained in these studies under different conditions of
sampling. Following the finding of asbestos contamination in the Mas-
sachusetts school, sprayed-on asbestos material accessible to students
wag enclosed by covering it with wallboard. Later measurements demon=
strated the effectiveness of this procedure.

Data obtained by Sebastien et al. in sampling studies, in
;aris. have also revealed chrysotile a.sbestos air concentrations in
schools much sbove those of typical ambient air.” Table 16 lists the

data obtained in that study.

b. Air Concentrations During Simulated Conditions of Abuse .

During the summer of 1977, 1n two schools in which eatensive
damage was visible and for which remedial action was scheduled, active

1ities were undertaken to simulate the abuse that might have given rise
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to the evident damage present. The;se activities are described in Table

-17 -vogether with the concentrstions of asbestos_ fouad. The asbestos air.. ..

concentrations, during short periods of time, were compavable to those
found in occupational settings. Foilowi.ng any such disruption of asbes-
tos during school sessipna, normsl pupil movement through the hallways
could continue disperse asbestos into the air and it would be ex-
pected that the air concentrations in such circumstances would exceed
those listed in Table 13, where little or no asbestos was visible during

the situations sampled.

c. Conclusions from Air Sampling Data

The m}&rity of the data described above were obtained in
circumstances in whi.cl; damage had occurred to friable, non-cementitious
asbestos-mineral wool sprayed material with consequent disl.odgenent of
asbest.os fi-l'eers. In general, when significant levels were found, physi-
cal deterioration of tl;e‘surface of the material was evident. While
fewer data exist regarding air concentrations associated with damage to
cementitious asbestos-containing sprayed material, the finding here of
higher chrysotile concentrations in one Qchool with such material and
the measurement of significant concentrations under simulated abuse
conditions raises the same question here as yell. Thus, the conclusions
that <¢an be drawn trom these data i1nclude:
1) 1t visaible J:ama'ge tq Or crosion of auny ashestos contain=
g Spt’:l!@d :mat.en.t' 1s evadent, increased asbestos ar
cnucﬂntra{;ons would have existed at the time ot damage
aud may-still persist. - .

RY As -snch damage 1S lxkvl§.4-» reacunr ot ta continue,

ashestos Jar concentrations an excess ot background (50

ng/m‘\ may he expected iu the future.
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:3) Where visible damage or erosion is not ﬁth. nb.ut.oa
air concentrations are likely to be little different from
background, but the possibility of later damage and
future asbestos fiber release with concomitant incressed
air coancentrations cannot be excluded. ¢
7. ASBESTOS TECHNI .

As noted in Section II, health effects camt.. be unequivocally
ascribed to asbestos air concentrations in the range of 100-1000 ug/na.
a8 found in the New Jersey schools unp.led and in other buildings with
similar coanditions. Furt.her.ore.“u is unlikely that a clear associ-
ation of such levels and the presence or absence of asbestos disease

will be made in the foreseeable future. This is the result of the lack

of measurements of air concentrations in the past” .and the need to follow

very large populations exposed at lower levels for appropriately 1-‘_.\"

periods of time to evaluate such q.unt.iutiye exposure-diseas- associ-~
ations. However, this abseace of dose-response data at l:wer uxposure
levels (non-occupational) also preéludes our having knowledge of a
threshold for asbestos-cancer (as for carcinogens in general). Thus,
“"the prudent person" spproach -would indicate that, at the least, where
feasible, excess asbestos exposures be controlled. At the moment, we do
not kn.w how little asbestos is needed to increase the risk of cancer.
As a4 guide for the development of public health measures needed to
prevcn’? such disease, 1t will be necessary to keep air concentrations
below those which were obtained in househo!ds of asbestos workers in the
past

The feasibility of two methods ot cvontrol of asbestos exposures in

schools was anvestigated; the complete removal of asbestos containing

"
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materials, and the "se:ling" of nm;h material dy an tppropria'te covering
agent. A third procedure, that of enclosing the asbestos wiwr
building pﬁy!t‘piso may be appropriate in particular, limited, cir-
cumstances. The focus in this feasibility project was on materials and
procedures for sealing ssbestos~containing materials with an appropriate
coating, and on drocedurts for completely removing the asbestos mster-
ial. In each case, e fectiveness was measured by reduction of asbestos
air concentrations.

a. Sealing Asbestos Containing Materials

While asbestos stripping or removal procedures ' provide a
solution, they also cause significant interruption of normal activity.
Moreover, they usually require the replacement of the asbestos contain-
ing material with other building products designed for the original.
purpose, imully sound control or fireproofing. Sealants, on the other
hand, have the advantage of reducing the disruption of routine activ-
ities, and their use may obviate the need for replacement of the lprayed
asbestos material. However, the use of a sealant also means retention
:n the school of the original asbestos material. This may present 8
problem later if the sealant undergoes erosion with time, and only
postpones removal of .he asbestos until the time of major building
renovation or demolition. The use of seslants: 1s sometimes further
1estricted by the é;ndxtion of the sprayed ashestos material and the
structurs] substrate onto which it had been applied. As Lhe integrity
of a sealant system depends ultimetely upon the adherence of the
spraved-on ashestos materisl to the underlyviug supporting structures, a

tarling sprayed .«sbestos vaostiug, with poor adhesion to the underlving
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surface, ssy yndergo subsequent delamination even after the m!;:atton
of a sealant. Fiually, possible subsequent damage to the sealants used
N on ub'euto.o surfaces under conditions of building use must be considered
in fully evalusting their usefulness.
i. .cunctltuttca desired

Sealants uotd for the coating of asbestos material should:

1. FPorm a;l effective gesl uat‘l’ut fiber di eminstion by .
sdhering to the fibrous substrate.

2.  Adequately penetrate into the ssbestos material to pre=~
vent shesring and separation of the sealant from the
asbestos matsrial. Ideally, penetration ghould be suf-
ficient to provide additionsl bondﬁu to the underlying
structural msterials.

3. Rosist external impact to protect the underlying sprayed
asbestos materisl.

4. Possess high flame retsrdant characteristics and low
toxic fume and swol : emission ratings. This, of course,
is essential if the original purpose of the .uptayed
asbestos material included fire retardation and protec-
tion of structural material.

S. Possess enough flexibility t.o. accommodate atmospheric and
structural changes and deformation.

. 6. Utilize application techniques in which workers can be
easily trained.

7. Be neither noxious or toxic to application workers or

users of the structure thereafter. Since spraying may
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cause fiber dissemination, co.uuimut by barrier systems
is desirable during application. However, this exacer-
bates any problem if the sealaat or its solvent releases
toxic vapors. . -

8. DBe impervious to water and resistant to common cleaning

agents.

9. Have resistance to weathering and aging.

10. Be acceptable by architectural and esthetic standards.

How these characteristics are ordered in importance depends
upon the specific application. Sealant selection and application should
be made with considention of the configuration, dimemsicns, use and
characteristics of the building structure involved.

The. problem of physical damage to the sealaant material should
not be underestimated. Nearly any sealant will reduce fsll-out from
surface erosion but a truly effective coating must alsd minimize the
possibility of subséquent contamination due to dispersal of fibers by
damage. Even with sealants resistant to damage, periodic reexamination
should be conducted to uonitor_possible physical damage, with repair of
any found.

ii. Selection of sealants

During the course of this feasibility project, twelve sealants
were reviewed before a final choice was made. These fell into five
classes of materials: 1) latex paints, 2) vanyl or butyl polymers, 3)

silicacious plaster emulsions, 4) epoxy-materials and 5) inorganic

si1licates mixtures. . Samples of the various material and technical

mnformation was solivited from manufacturers. Available Jdata on weather-

ing, aging., flame spread and combustion, water vapor transmission char-

-
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acteristics, tensile streagth and resistance to puncture were revieved.
However, for many materials, the requisite information was unobtainasble.
In addition, existing applications of sealants already used were in-
spected in achools, libraries, office buildings and other structures in
New York, Co'nnect.tcut. and New Jersey. In selecting sealants for use in
this feasibillity project, greatest emphasis uu.l placed on those having
ht}h surface impact -resistance and high penetrability into the asbestos
matrix during application.

Our review of the specifications and properties of sealants
was \linit.ed to those readily available in the mid~Atlantic region at the
time \of this project. Moreover, it cannot be considered to bave been
c?nplete with respect to all twelve of those reviewed. Much information
desired was simply unavailable from the unufact}xrers of many of the
agents. Of those reviewed, however, several had properties wtuble. for
use in this project, and two were selected for application in two New
Jersey schools. One was a water-based vinyl polymer which was applied
over primer material by an airleas gun. The gecond was an 'nin'ganic
silicate material applied by a low pressure airless gun directly to the
asbestos sgurface. Following drying, a final coating of gilicone was
applied.

iit. Application procedures

Application of a -ealant by spraying may «asuse dissemination
of small.fibers at the point of impact of the vehicle stream onto the
asbestos surface. The primary coat of a sealant system should be ap-
plied with camft.ion and at as low a pressure as feasible: Furthermore,

prior to the application of a4 sealant coat, damaged ssbestos material
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should be patcaed by the appfiqa:ion of spackle, plaster, or other
appropriate material. During these activities significant concentra-
tions of asbestos fibers may be teleased, giving rise to worker expo-
sures possibly above the OSHA standard. This would then require pro-
tection of workers by aﬁpropriate respirators and complete enclosure of
the work area. Further, élothes changing and shower facilities are
necessary for decontamination of workers £ollow;ng the spray appli-
catron.

iv.  Experiences with sealing

The first school (District 20, School 1) selected for the
investxgation'ot the feasibility of sealing asbestos-‘&d approximately
5,100 square feet of céiling sprayed with a cementitious type asbestos-
vermiculite mix. The area to be covered included hallways. a gym en-
tranceway and offices, locker rooms and a storeroom. The asbestos
material was adhering well to the substrate. However, there had been
both extensive inadvertent and deliberate danage'by students while the
building served as a high school. One source of damage had been the use
of a hallway by a band color guard unit to practice its maneuvers,
during which flagpoles would often strike the ceiling. The school now
serves as a middle school, and the major source of damage to the hallway
cerling 1s no longer present. Figures 5 and 6 show some of the damage.

This school was telt to well represent the use ot cementatious
type ssbestos mixes. Applirations of such material in buildings usually
adhere well to the underlying substrate, and are relatively impervious
to demage. Here, however, as sometimes happens, extensive damage had

aeeurted. An extieme case was solected, since the demonstration ot

<
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usefulness of sealants in such circumstances would indicate its applice
ability to s wide range of other buildings with lesser damage.

As each of the areas vith asbestos materials directly con-
nected to locker rooai. shower facilities were at hand for decontam-
wnation of workers. The acreas to be sprayed were enclosed with plastic
(Figure 8) to contain any release of asbestos fibers and to control the
ovexspray of sealant material. After enclosure, all damaged sreas of
the ceiling were patched by spackle, providing a relativel; smooth
surface for the later application of a coating (Figure 9). Following
preparation, s primer and two coats of a vianyl polymer sealant were
applied using standard sirless spray equipment (Figures 10 and 11). All
overspray by the prime or finmal coating was contained by the plastic
enclosure. At the conclusion of the work the workers removed their
disposable clothing and showered prior to entry intc the rest of the
buildxng.. All waste material was bagged in plastic containers and
disposed of as appropriate for asbestos. A listing of approved sites
for the disposal of asbestos waste is maintained by the New Jersey
Departaent of Eanvironmental Protection. The final appearance was that
of a smooth plastic surface impervious to physical impact.

During and tollowing this work air samples were taken and
analyzed to determine 1f dissemination ot asbestos from the work areas
had occurred and if environmentsl contamination remained after the
sealing and clean-up operations. Airr samples collected outside the work
area dJduring spraying and analyzed by optical microscopy showed fiber

voncentrations to be less than 0.1 tiber/ml (see Table 18).

7]
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This school was visited one month later in order to assess the
integrity of the material and to take air samples during normal student
use. " Some very minor damage had occurred to the coating aaterial,
caused by students who had struck the new coating surface with their
fists. This produced several slight indentations into the coapactable,
costed asbestos matrix. The coating, however, remained intact, sufe-
fering only tiny cracks at one of the points of impact. Two air unple.s
taken at that time in the school rev;aled air concentrations of 80 and
340 ug/ma. As the slight damage obsefved could not account for these
.levated readings, the possihility of sample contamination by an
extraneous source cannot be ruled out. A second visit to the school was
made to repeat the air sampling and asbestos concentrations were found
at that time were typical of ambient air (< 50 nglms) (see Table 19).

The second school (School 3, District 72) selected for testing
the teasibility of sealing ashestos was an elementary school which had
approximately one-half inch thick loosely compacted fibrous spray applied
to the ceiling of a large multipurpose room. The area could be divided
into three sections, one of which was used 45 a music room: and the
others as gym areas. In this latter use, balls thrown by pupils would
occastonally hit the ceiling and dislodge some of the ashestos, which
ha'i been applied to wallboard. Where there had been no external damage,
the adhesion of the asbestos to the wallboard was relatively goad,
slthough some tlaking could be observed. The sealant selm'g’c-d tor use
here had in previous applications shown a high degree ot penctrability
mte the a~bhestos matrix and had given o surtace with signstivant wmpact

resistanve
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The spplication at this second school proceeded by enclosing 7
the two areas to be sprayed in plastic tarpaulins, constructing a double
barrier ‘bct.mn the spray area and a decontamination ares and, in turn,
separating this latter asres from the rest of the school. Figure 12
illustrates the enclosure system schematically. 1n order to minimize
worker diaco.-fort. in the sealed ares from the lack of veatilation duriag
the summer time, an exhaust system was constructed to remove air from
the work area through a filter and electrostatic precipitator. This
provided a slight negative pressure and further helped to pr&vent the
spread of asny dislodged asbestos ftbe;s. Figure 13 shows the general
enclosure of the aresa and Figure 14 illustrates the double barrier
doorway between the enclosed area and shower srea. All work clothes
were removed in this doorway area by a worker before he proceeded to the
shower ares for decontamination and change to street clothes. As with
the first spray installation, workers wore disposable overalls and
half-face mask respirators (Figure 15). The filters were replaced daily
or more fre;uently if necessary and disposed of as asbestos contaminated
waste at the end of the project.

Following the enclosure of the room and the fixtures within
1it, all d;maged areas of the asbestos ceiling were patched prior to
application of the coating material (Figure 16). The application was a
two step process; the first involved the spraying of an inorganic sili-
cate material and the second an overspray of a silicone coating (Figure
177. Special emphasis was placed on applying sufficient sealing material
to provide penetration through the asbestos and additional bonding to
the wallboard substrate. Following c(omp’etion of the work a very rigad

surface was obtained, felt to be sufficient to withstand the impact of
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balls throwm by children duriag gym "a_ctivitien. Measurements of asbes-
tos 'concentntionn duriag the enclosure of fixtures, the spraying of
ceiling material and in the school during work act.ivitiu are shown in
Table 18. As can be seen, there was ninihl dissemination of asbestos
fibers either into the work area or into the school Table 20 lists the
data obtained after completion of work. Chryno;.u.p_ air concentrations
similar to those of ambient air were observed in all measurements.
‘Two months after the completion of work in this school surface
coating of the sealant material cracked for undetermined reasons.
Movement of the asbestos in some areas follovling this cracking resulted
in delamination of several areas from the underlying substrate. This
occnn:ed over approximately 10-20% of the sprayed area, where inadequate
penetration of the sealant had failed to provide adequate bonding to the
wallboard. Over the remaining 80% of the ceiling surtace this bonding
was achieved énd ‘the material .adhered well, although surface cracking
was present. The area was closed and the contractor removed the asbes-
tos after sealing the rooms with plastic tarpaulins. During removal. in
which extensive wetting with amended water (see Section 7) was under-
taken, room air concentrations ros. to as high as 15 fibers/wml in con-
trast to concentrations of about 2 fibers/ml maintained during removal
of loose asbestos. This was the result of extreme ditficulty in removs
1ng much ot the material from the wallboard, and by the barrier provided
by the sealant to the water used tor wetting. Uver much ot the area,
the asbestos counld only be removed with the aid ot a hammer and chisel
Followsng the remwvasl of the asbestos trom the multipurpose rooms, all
areas were thoroughly washed and acoustical cerling tiles were Rlued to
the cealing area. Chrysotile ashestos air coficentrations measured an

the aress tolluwing tompletion ot the work averaged 45 ugimi {Table 20}

) -
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v. Summary of Sealing Procedures

In general, sealing of firm, intact, cementitious asbestos
materials proceeded smoothly with no measureable dissemination of asbes~
tos fibers into adjacent school areas. A thick, relat.iv&ly impermeable
coating was applied to asbestos material that adhered well to the sub-
strate. The new coating was apparently tested for effectiveness by
students who struck it with their fists and produced indentations aud-
tiny cracks of a minor degree. Hh.et.het this damage contributed to
higher asbestos conceatr_ationa measured in one of two sampling studies
is uncertain. However, such a possibility exists and future damage by
more vigorous abuse, producing transient episodes of contamination,
cannot be excluded.

An dattempt to seal loosely-bonded, fibrous asbestos materials
was not successful although a hard, 'inpervi.ou: surface was obtained,
spontaneous cracking led to separation of the ceated asbestos material
from the undetiying substrate. While this project failed to demonstrate
the feasibility of ‘sealing loosely-bonded asbestos material that is
subject to external abuse, it cannot be ruled out that sealants (either
existing or developed 1in the future) other than that used in this study
may be more effective. At the present time, however, to the extent that
our experiences apply, one should approdach the sealing of such material
with casution.

In many circumstances however, the use of sealants over well
wdhering cementitions type asbestos mixes may be warranted. They are .
telatively easy to apply, compared to removal i1n these circumstances,
amd can prevent or mimmize suttace erosion ot tibers.  When laosening
ot the asbestos t-om the substrate 1s no problem, this miy be the con-

trol measure ot (e,
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b. | Removal of Asbestos

One school in New Jersey with seriously failing fibrous asbes~
tos spray material was selectud for the evaluation of the feasibility of
removal techniques. As this school was actively negotiating to have
asbestos removed from all aresas, removal work in selected school rooams
as part of this project was compatible with the District's overall
objective. Two contractors, each with previous experience in removal of
asbestos, were selected to remove the sprayed asbestos from approxi-
mately 1,000 square feet in each of two classroom areas and to install s
replacemeut hung ceiling of acoustic panels.

c. éggsginnent Techniques

The work of the contractors was closely supervised and each
followed similar generasl gu}dglines_._ It was clear that during the
removal. of asbestos, two principles must oe rigorously followed; the
extensive wetting of the asbestos material and the isolation and con-
tainment of the work area. The lat‘ter was accomplished by extensive use
of plastic tarpaulins to enclose the work area, with a double barrneé
between the removal area and a decontamination area, which in turn was
secaled from the rest o; the building. Here, workers took showers before
passing 1nto other parts of the school.

Because air concentrations within the removal area were expec-
ted to be under 10 tiber/ml, half-face mask respirators approved by the
National lustitute for OUccupational Safety and Health for use with
asbestos were utilized.  (Approved, half-face mask respipggtors ‘are
suttable tur  use at  c¢oncentrations below 20 t/ml and disposable,

single-use respirators below 10 f/ml.  Above 20 f/ml, supplied-air
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respirators must be utilized.) These provided comsiderable freedom for

the workers and facilitated their work and may, in fact, have sided in
maintaining the relatively low asbestos concentrations observed during
removal activities. While in the work area, workers wore clothes which
were later disposed of as asbestos contaminated material. Onme contractor
supplied workers with nylon suits for use during the entire week of

removal operations. These were left within the barrier area at the end
of eac.;x day and disposed of as contaminated waste at the end of the
project. The second contractor supplied workers with disposable paper
clothing similar to that of Figure 15, which was disposed of daily or as
required.

Prior to removal, the asbestos spray material was extensively
wetted with 2 water mixture .containing a solution of $0% polyoxyethylene
ester and 50% polyoxyethylene ether (obtainable as a commercial aurJsery
product, Aquagro) which served as a surfactant. The concentration of
vetting agent was approXamately one ounce per five gallons of water.
This was applied as a spray to the ceiling: an electrical pump unit
proving to t;e satisfactory for this purpose. Once the entire ceiling
way sprayed with the water amended by surfactant, additionsl water
without surfactant was applied to thoroughly soak the asbestos material.
when so wetted the ashestos was readily removed by hand scrapers and
sllowed to tall to the tioor (Figure 18). In one of the removal opera~
tiuns the asbestos mat was totally soaked and occasiondlly dry spotas
would be found during removal. These were wetted as found. The in-
complete wetting of the asbestos slowed the ramoval opervations bet dyd
a0t gncrease  the measured air comcentrations.  tUne lassroom had the

sibestus spraved onto 4 plaster cetling and its removal was relatively

‘9 .
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simple. In the other classroom a portion of the asbestos material was

sprayed on wire lathe. Following'removal of most of the, material from

the wire surfaces, the lathing was cut down aund bag;;d as contaminated

waste. (Figures 19 and 20 show the bagging and disposal of material
following its removal from the ceiling.) A 6 m;I plastic bag is suit-
able for this purpose, ;ithough two 3 mil plastic bags were utilized in
one case. These were sesled, carried from the building, and placed in a
Jumpster for transport to an approved disposal site. After the asbestos
had‘been bagged, the tarpaulins were removed, disposed of as contamina-
ted waste, the room washed, ;nd a hung ceiling installed (Figure 21).

Table 21 lists the fiber concentrations messured during the
various aspects of removal. In in all cases air concentrations were
less t;an 2 fibers/mi. These luwer levels were achieved only becausg of
the exteunsive use of amended water and the continued vigilance on the
part of workers to assure that all asbestos was wet during removal.
Table 22 lists electron microscopic analysis data showing that no re-
sidual albestos contamination was Ppresent in the rooms after completion
of the gork.

. It was evadent during this project that previous experience 1n
removal activities was of benefit. One contractor's toreman had con-
siderable experience, came to the job with all requisite equipment, and
quickly 1nstructed the workers in its use. Removal work went etti-
ciently with 1000 square teet 't\t ashestos being removed 1n less than 90
minutes by tw; workmen tollowing room endlosure. On the other hand,
anothe;  toteman, :npp.ur:'nt«ty wexperionced 1 ashestus  removal, was

eaploved by the other contractor.  Hete, the amitial work went slowly

and mach nstew tion had to be ottered by Mouut Sinar personnel conceern-=

<
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10g requisite control measures and removal procedures. Once understood,
howev;r.. the workers soon bdecame proficient and the work proceeded
smoothly. This points to the desirability and possible effectiveness of
training courses in asbestos removal te: ‘iques.

d. Summary of removal operations

In many typical circumstances found in New Jeisey schools in
which loosely compacted, friable asbestos-containing material are ap~
plied to flat, open areas as hallways, classrooms and auditoriums, the
removal of asbestos materials can be accomplished efficiently and effec-
tively. Complete wetting of the asbestos, careful enclosure methods and
thorough cleanup can minimize contamination from removal operations.
Once removed, any concern for future asbestos related problems is elime
inated. For many school situations wilt.h loosely-bonded asbestos which
15 tlaking f-om its substrate, it may be the control procedure of choice

e. Relative Merits of Sealing and Removal

In this project, the removal of loose friable asbestos mater-
tal succeeded, while the sealing of such material was not completely
eftective using the sealant chosen in this study. On the other hand,
the scaling ot cementitious sprayed asbestos went well, while removal of
hardened, partially sealed asbestos was difficult. Thus, school admin-
1straturs might wish to consider removal if the asbestos is loose,
poorly compacted, and readily accessable to students, and to look to
setling s more suitable for the compacted material, having good adhe-
ioa te g unbstrate.

Evonomieally, there s relstively littie difterence in the
Cotoet temevang the loose fibreas asbestes snd sealing i1t.  Equally

fre o eeus contrel omegsures are required as masking and patching activ-
r
i
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ities and high velocity liquid stresms may dislodge asbestos materiasl.
The basic economic advantage of seal-nt !lies in the absence of a need to
replace the removed asbestos, either with a hung ceiling or other acous~
tic material. Cost considerations, however, tend to favor sealing for
cementitious materjals. As the asbestos is often well sncapsulated and
the asbestos matrix has good adherence to the underlying substrate
simpler containment procedures may be acceptable, reducing the cost of
sealing. Furthermore, the good adherence to the substrate is a disad-
vantage for removal and increases the cost and difficulty of that pro-
cedure. Nevertheless, in spite of economic advantage, one should still
consider the consequences of allowing the asbestos to remain in place.
It may subsequently be dislodged during maintenance and renovation
actavities, and during ultimate demolition of the building, containment
could be required. Furthermore, one may not have complete assurance
that the asbestos matrix will remain locked to the substrate. Water
damage and physical abuse could produce dislodgement in the future.

f. Further recommendations

It is clear that the choice of control measures to be applied
in a particu’ar school situation is highly judgmental. Each school is
unique and the appropriate course ot action of an administrator Jdepends
on both internal (1.e. local to the school and school district) and
external (availability of technology, materials, and procedures, etc.)
factors. Furthermore these factors, particularly the external, are
changing rapidly with time. This report has attempted to point to
various criteria that could be applied by a school district admoas-
trator as he or she considers control procedures for asbestos. Never-

theless, judgments must he made within 4 lamited context including

ic ‘U
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skills and experience of available contractors and the likelihood of
adequate containment and cleanup. To assist school administrators in
these matters, engineering consultant gervices might be sought.

Ther'e is evidence of clesr need for workmen and supervisory
personnel to be trained in techniques of sealing and removing asbestos
(understsnding of health factors, enclosure methods, respiratory protec~
tion, work equipment, decontamination procedures, etc.). If training
courses sre developed, this might well be done in cooperstion with

, ’ unions and contractors. The effectiveness of asuch training was clesrly
seen in the relstive ease with which asbestos was removed by more ex~
perienced personnel,

8.  SUMMARY

a. Sprayed asbestos materials have been utilized in a significant
proportion of New Jersey public schools.

b. The condition of the sprayed surfaces varies widely; in some
instances they are intact and present no current hsazard of asbestos
contamination. In other cases, the surtaces are damaged or friable,
with considerable risk ¢f asbestos contamination ot school areas.
C. Asbesto3 air concentrat:ions vary and correlate well with
evidence of physical damage to the asbestos surfaces. In some
1nstances, a1y concentrations were found at levels which might lead
to 1increased risk of asbestos disease, particularly cancer, in
years to come.

dq. [n general, cementitious ashestos materiasls weie more likely
to he ntact snd to present less risk of asbestos contamination

than luosely compae ted tibrous meterials.
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e. The findings suggest that corrective measures are desiradle in
some New Jersey achools t.; minimize possible health hazards from
asbestos exposure that might exist.

f. The feasibility of two principal approaches to control was
studied. An apparently simple method is the covering and sealing
of asbestos surfaces by appropriate sprayed sealants. Some qual-
ities of such materials are discussed, and the c¢ircumstances in
which this technique might suffice are outlined. In other situa-
tions, this approach may not bde fully satisfactory and im still
others it seems dubious of even initial or partial success. There
is also the inherent, continuing drawback that the asbestos remains
in place with later risk of asbestos exposure during the mainten-
ance, repair, renovation or demolition of the structure.

g. The second procedure was the removal of asbestos surface
materials and their replacement with alternate (non-asbestos)
materials that would serve the same purposes of acoustic and fire
insulation or decorative finish. This approach, however, includes
consideration of added initial expense in. gome instances, and/or
added inconvenience in others.

h. For each approach, experiences indicate that care is essential
1f widespread asbestos contamination of the building and excessive
exposure of workmen are to be avoided. Precautions should i1nclude
proper isolation of the work areas with tarpaulins, protective
clothing a=d respirators, proper baggiug and disposasl of asbhestos
wi-tes anid clothes change and showering taciltties when removsl
ot louvse, triable material s nvolved thorough wetting ot the
surtaces 1s essential.  Too, trained workmen and supervisory pers

sonnel are ot coansiderable advantage.
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i. The successful control oi-:pr;yed asbestos in schools will
prevent future exposure of pupils, teachers and administrators,
clerical staff, maintenance workmen and custodial personnel.

Jj. It will be of importance to ascertain whether observations
made 1n this investigation are applicable to problems associated
with the presence of sprayed asbestos surface materials in other
public buildings, as auditoriums, social halls, YM/WCA's " and
YM/WHA's, department stores, health care facilities, restaurants
and other facilities, as well as in public schools in other states
and other countries.
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Appendix 1

ELECTRON MICROSCOPIC ANALYSLS OF AIR SAMPLES FOR CHRYSOTILE ASBESTOS
Samples for electron microscopic asnalysis were collected on u;en-
brane filters having a nominal pore size of 0.8 mm. While the effective
pore size of these filters is larger than the diameter of many of the
asbestos fibers of interest, it has been shown that the surface charge
properties of the filter and of the ashestos fibers, as well as the
circuitous path through the filter, asllow virtually complete collection
of all asbestos wmaterial.

To prepare a sample for analysis in the electron microscope, a
portion of the sample, mounted on a microscope slide, was ashed in a
low-temperature activated oxygen asher for one to four hours. This
served to remove the membrane filter material, all organic material in
the collected sample, soot and other carbonaceous material. - The resi-
due, consisting mostly of fly ash and miner;l. matter, was dispersed on
the microscope slide by grinding the sample with a watch glass in a
solution of 1% nitrocellulose i1n amyl acetate tor 5 to 10 minutes. The
sample was dispersed uniformly over two microscope slides by placing
another glass microscope slide over the ground sample, and drawing the
microscope slides apart. Upon evaporation of the amyl acetate, the
dispersal was scanned for usiformity visually or by light microscopy.
The two tilms were tloated onto water and tive electron microscope grids

placed on each 1 the tolluwing pattern:

o1 O:
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Grids 1, 3 and 5 would*be selected from each film and one square from
each gcanned at, 20,000 times magnification. All chrysotile asbestos
fibers, 1dentif{id on the basis of their unique tubular morphology, were
sized, and their mass determined. Using the known air volumes and
dilution factors appropriate to the above technique, the mass conc;n~
trations were calculated. A correction for an average loss of 40%
during processing was applicd. This value has been obtained from the
results of previous measurements which indicate losses range from 33% to
occasionally more than 50%.

Data from replicate analysis of samples indicate that a given value
is accurate within a factor of two for conceatrations greater than
10 ag/m3 and sampling times of three or more hours with high volume
samplers. Greater variability exists for shosﬁer sampling times or
lower asbestos concentrations Juc to Lhe greater relative importance of
background contamination of the fibers and that occurring during sample

processing.

-
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Appendix 2
ANALYSIS OF INSULATION MATERIALS OBTAINED FROM NEW JERSEY SCHOOLS

A. Optical Microscopic Analysis:

A Leitz Ortholux microscope equipped with bright field illumination
aad polarized light optics was used to analyze the samples. Optical
properties such as refractive indices, extinction angles of fibers,
relief and bi-refringence were measured. These optical constants, in
combination with general morphology, were used for identification of the
mineral phases present. With few exceptions, all particles were within
the working resolution capabilites of the microscope and could be iden-
tified.

.bstimates ot the quantities ot .asbestos minerals present jin the
insulation sumples were made by comparison with binary dilution stan-
dards of five asbestos minerals in rock woo! matrices, mounted on micro-

scopit slides.

B. X-ray Ditfraction Analvsis.

For identification and quantification the asbestos content of
wmsulation samples, a Fhalthips x-ray diftractometer equipped with high-
tntensity copper X-ray tube, a4 curved crystal focusing monochrometer, a
pulse~height analyzer, saintillation counter detector and wide rvange
ROl1anetes were Used.

In order to study the presence of all crestaline componeuts, the
sample:n =< atter beaur pulvericed to obtamn su ettective crestalhite
Atmeusien on the order ot 5 mm o less =< were soanned teom 5% to 704 2
theta at g scanmng tate ot 1% & the's per muigute.  This technique
proved satistactory tor the adentiticat iom of mejar «composs e Lud-
g all asbestos minerals present an ameunts grester thae  sout 3% by

weght .
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Table 1

Deaths among 17,800 asbeatos insulation workers
in the Un‘ted States and Canada
January 13 1967 - December 31, 1976

Number of men 17,800
Man-years of observation 166,855
Expected Observed Ratio
Total deaths, all causes 1,660.96 2,270 1.37
Total cancer, all sites 319.90 994 3.11
Lung cancer 105.97 485 © 4,58
Pleural mesothelioma bad ] 66 -
Peritoneal mesothelioma bl 109 -
Cancer of esophagus 7.01 .18 2.57
Cancer of stomach 14.23 22, 1.55
Cancer of colon-rectum 37%86 59 1.56
All other cancer 154.83 235 1.52
Asbestosis < kR 162 -
AlleGther causes 1,351.06 1,114 0.82

* Expected deaths & ‘e based upon white male age specific mor-
tality data of the U1.S., Natfonal Center for Health Statistics
for 1967-1975 and extrapolation to 1976.

#** These are rare causes of death in the general population.

From: Selikoff, I.J., Hammond, E.C., and Seidman, H., Mortalityv
experience of insulation workers in the United States and Canada,
1943-1977. To be published, Ann., N.Y. Acad. Sci.
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Table 2

Expected and observed deaths among 689 factory
workers, employed before January 1, 1939, during
the seventeen years from January 1, 1959 through

Dtcwbel' 31’ 19750

1959 - 1975
Obs. Exp. obs./Exp.

All cauges 274 188,19 1.46
Cancer, all sites 99 39.92 2,47 ’

Lung cancer 35 12,53 3.912

Pleural mesothelioma 14 n.a. -

Peritoneal mesothelioméd~ 12 n.a. -

Cancer of esophagus 15 7.99 1.88

stomach, colon and rectum

Carcer all other sites 23 19.40 1.19
All respiratory disease 42 12.16 3.45

Asbestosis 35 n.a. -

Other respiratory 7 .(b) o
All other causes 133 136.11 0,98
Person=-vears of observation 9,646

a) Pleural mesotheljioma included.with cancer of bronchus in
calculating ratio since expected rates are based upon
"eancer of lung, pleurs, bronchus, trachea."

N

.

b) This rate {s virtuplly identical with that of “all res-
piratory disease."

n.d. * not available.

From:  Nicholsen, Well Case Stude ]t Ashentog==the TLY approach.
Ann NY Acad. Sci 2713 152-1e0, 1%,

4
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Table 3

Deaths of lung cancer among
ashestos insulation workers in the
United States and Canada, 1967-1976;

Influence of cigarette smoking

s Expected deatha*
Cbrerved
_deaths U, S, 4 Smoking specifich*

i. History of

Cigarette smoking 325 60.07 66.78
. Current smokers 228 31.87 39.69
Ex smokers 97 23.29 13.34

2. No history of cigarette
smoking 8 14.11 1.82
Never smoked 5 8,49 0.98
Plpvl(.'igcll’ 3 5.63 00810

3. Unknown historv ot

cigarette smoking 152 11.80 11,93
Total 485 105,97 66,78

*® Age, vear and sex specifie.
% Based upon age apecific data of the 1.8, National Ceater for
Health Statistics, cigarette amoking not considered.
&k Based upon American Cancer Soctety's Cancer Prevention Study,
1967-1972,

From: Hammond, F.C., Selikoff, I..J. and Sefdman, H. Cigarette
smoking qand mortality among 1.8, ashestos insulatfon workers,
To he published tu Ann. NY Acad. Sci,

O Rl
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Table 4

of 24 hour chrysot {le asbestos

wncent ratlons 1 the ambient alr of U,.8, citles

Ashestaoy
Coeme entrat fon
(ng/md)
Lesa Than

1.0

KRN} ]

Foor the e
ot

Electron Microscopic Anatysis

Mount Sinal
Schouvl of Medicine

Numbe Pefcent age

ot of
Samples S:amples

4 12.6

Y 63,6

164 87.7

176 94,2

184 98,5

185 49,0

7 K0

Battelle
Memoriz] Institute

Number Percentage
of of
Samples Samples
2]‘, «21.3
47.2
162 80.1
124 yl.6
128 98.5
127 1000
127 roe .0

Lohour samples, which by thefr length averages

poesfbibe pedd pertods during the dav 98,57 had

Sttweot i aslboentos concentr tions less than 20 ng/m’.

ten: Nt

Foonal

Mivant-trardon 100y,

LS R

TR Fancyats,

t e, WO,

A

Measurement of dshostos {n ambient air,
Prpenn b, Centraet CPA 70-920 Natwenal Afr Poltat fon Cont ral
Oft{ee ot

Techntceal Analvais, 11,8,

Frehimina o report on asbestos fn the ulath, tanesota,

1ty 44,
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Table 5

Chrysotile content of ambient aix in
New York City by borough
(6 - 8 hour daytime samrles)

Asbestos air leve:’l in

10-9 g/u’ (ng/m~)
Sampling Number of
locat lons _samples  Range ___ Average
Manhattan 7 8-65 30
Brooklyn 3 6-39 19
Bronx 4 2-25 12
Queens 4 3-18 9
Staten laland 4 5-14 8

Nicholson, W.J., Rohl, A.N. and Ferrand, E.F. Ashestos
afr pollution in New York City. In, Proceedings of Clean
Alr Congress, (eds.) England, H.M. and Barry, W.T.,
Academic Press, New York (1971) 136-139.

Table 6
Chrysotile atr levels near apray fireproofing sites
(6 - 8 hour daytime samples). .,

Asbestos air level
1079 z/a3 (ng/m3)

Sampling Number of

locat fony .shmples Ropge  Average
/8 -~ /4 mile 1 9 - 3I715 60
the - L2 mile 6 8 - 54 25
12 =1 mile 5 LT T 18

(The above concentrat fops reflect both downwind
and npwind sampling locat fons.)

From:  Nicholson, W..J., Rohl, A.M, and Ferrand, F.V.
Abeston bt pollutfon fn New Yord Clty.  in,
Procecdings ot Clean Alr Congress, (eds.) Eaplaad,
WM. and Barry, W.T., Academic Press, New York (1971),
[ L0 RN

ERIC 1
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Tatle 7 .
Chrysutile concentrations in the atr of
buildings according to tvpe of ashestos spray
(6 - 8 hour davtime samples)
Chrysotile concentrations (ng/a3) in:
Building air Vutdide air
No of. Mean No of. Mean
Building samwples concentration Range samples concentration Range
Cementitious Spray

A 3 63 - 11-180 1 46 46

B 3 12 2,6-17 { 18 18

« 3 7.0 2.h=-11 1 5.0 5.0

D 4 4.8 1.2-10 2 5.0 0.3-9.8
E 2 9.3 0.9-138 1 24 26

F 2 12 1.4-23 2 9.2 3.4=15

Fibrous Spra:

A 3 3.8 0-25 1 1.9 3.9

B 9 2.6 0-5% 1 8.0 u-11
¢ f 29 0.6-56 2 9.1 3.3=15
] 4 19 6.6=97 2 12 9.3-14
13 h 200 12-830 - - -

¥ 3 11 6.4-14 2 13 10-19

Avoustical and De-orative Spray

A ¢ 2.1 0-3.7 ! a3 a3

B “ 8.1 9,7-17 N 18 $.9-3.
t ] 1 3.i-1n0 2 48 4,9-87
D " 17 2.7-57

2 " 28 ,9-110

R Asbestos tn Bullding

A 3 N wed=12 1 " R
B n 9,2 0= 42 N N l.4-2.3
Fr wn Siede Do N0ty Kehi, AL 1 Sefmie, 1. A . . WL rhaat foen
ottt odn el Do oann e ) Fieed Repoac o, Cemtraer N, eeoideld Tenr,

R B e L S R N A Y TR R A
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Table 8

Distribution of chrysotile asbestos concentrations
in the ambient air of Paris, France

Asbestos
Concentrations
(ng/n3)
Less Than
1.0
2.0
5.G

10.0

Number Percentage
of of
Samples Samples
16 68.4
3 84.2
0 84,2
3 100.0

From: Sebastien, P., Gaudichet, A., Dufour, G., Bonnaud, G.,

Bignon, J. and Goni, J.

Enquete metroligique sur la pollution

atmvospherique interieure des batiments isoles par projection

d'amiante (1977).



Table 9
Environmental air concentrations of chrysotile asbestos

Chrysotile Air Concentration

(ng/m?d)
Sampling Circumstance ! 10 10! 102 10° 10 10°
i ] T 1 ] . ¥ R}

24 hour uyrban ambient air - —— > -
6 - 8 hour daytime urban - ettt 4w
ambient air

" (> ]
Vicinity of spraying of - " e—b— -
asbuestos materfal prior
to 1972
AMr of hulldings with - P —— . - - -
ashvstos gprayed plenums
Homes of ashestos workers o S ————— = -
v‘("“‘ty of asbestos mill O A G ED ST S AN B WP W ae e
()('('“Pi". fonal N A —————— -

From publtahed and anpubl ished Environmental Sciences Laboracory data (see text).

El{l‘c Q }'
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No. of
schools
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Table 10

Spraved asbeatos in New Jersey schools

Square feet

Vigible No
flaking flaking

reported

18,188
15,155
2,500
16,804
1,988
14,088

8,878

630
2,342
54,585
38,770
2,400
30,085
1,500
3,428
21,200
7,200
2,606
9,4,
’. 10, WY
* 5,13
11,000
40,000
134,000
9,900
13, 330
10,000
51,065
3,100
4,800
4,250
145,400
2,100
8,000
2,728
61,337
£2,500
9,000
305, 960
3,570
a,72h
2,786
11,295
100
HEE B
LA ]
R I 1} 11 ]
1,492
MR L
Sy bt | B i
U

3,577

1,993

teported

Distriut

51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
8
79
\30
81
82
83
84
83

No. of
schools

T A ol e YR N NN N R SN N R ol o

LI S S R L PR T e R

reported

¥

Square feet

Visible

flaking

1,360
50

35,000

7,180
1,701

8,470
1,574

100

1,49

1,952

1,378

toent Limed?

f laking

reported

2,354
5,238
2,750

42,000
7,580

51,085
9,241
1,200
1,296

500

45,279

50,000

49,695

11,008
700
46,000
30,000
26,100
5,873
14,082
22,500
4,000
2,000

13,747
13,681
3,955

17,550
162,471
6,000
3,000
4,077
16,500
5,370
34,380
440
5,000
1,922
1,120
h, 68
1,370
43,000
la, 090
1.,05%3
2,751

P

15,000
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Table 10 (continued)

8quu' feot

T Viaible No
No. of flaking flaking

District schools reported reported

101 1 4,500
102 ] $,362
103 1. 1,090
104 1 1,640
105 3 16,100
106 1 48,320
. 107 1 7,913
108 1 . 12,53
109 1 7,811
110 1 47,336
1 : . 2,00
- 12 1 2, 00
13 2 2,000 19,532
114 2 7,700 1,200
115 6 19,251 20,045
116 1 1,800
117 1 1,070
118 8 8,800
119 4 112 43,727
120 1 1,600
121 1 10,399
122 2 1,333 133,700
~ 123 2 28,708
124 3 20,700
125 2 27,488
126 : 5,739
127 1 1,966 30,000
128 1 1,386
129 1 583
. 130 3 9,189
131 1 100
132 1 1,385
133 1 23,237
134 1 450
135 1 6,00 2,000
136 1 1,500
137 3 17,704
138 1 1,000
139 1 150
140 1 5,639 780
141 T 4,320
- 182 1 15,380

o L
ERIC
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Table 13

Condition of Asbestos Material ir tiew Jersey S.necols

Irpe of Agbescos Concatatag Material

Loose. fr1able

Moderately dense
48bastos sprav waterisl

Plaster or cextursd

£ibrous asbestos often (n sssoctetion with eint satsrial wicn

District $choal

Jistriet

District

 dtstetet

Districe
Districe

District
District
Bistrict
Districe
Dstrict

dstriet

Oetrict

District

dtstrice

Jistrdct

Meerict

histrase

Jieertat

Sstrict
Sisertct
Tistrice

AEAE ST

13, scaool
+

10 School
$7  Senvol
48, School
113, S¢hool

t1a, School
o1, Sehool

9. School
135, sctwol
'8, Schwol

15, senool

69, School

31, schwol

23, school

3T, sehool

see School

44, School

s Seasol

17, 3cneol

118, ichool
41, ehael
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Table 13

Chrysotile afsbcstoa air concentrations in New Jersey schools
electron microscopic analysis

School &
District

District 9,
School 1
(loose,
fibrous
spray)

District 20,
School 1

(cementi-
tious)

District 115,
School 2

(fibrous
spray)

Sample
location
Hallway

Girls locker
Room

Cafeteria
Girls Locker
Room
Hallway

Outside
Parking Area

Physical Ed.
Office
Sweeping of
Hallway

Dry mopping
of hallway

Condition Sampling
Time Concentration

of Asbestos
Material

Damaged 0.

Flaking

Intact
Slightly
damaged
Damaged

Intact

Slightly
water damaged

Slightlv
water damaged

~

{min)
69
103

176
263

173
110

180

10

10

Asbestos

(og/ad)
320
80

53
43

280

26

1,950

With the exception of the first sample, no asbestos was
visible on floors during sampling Procedures.
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Table 14
2>

Airborne asbestos fiber concentrations
Yale Art and Architecture building, 1974
optical microscopic analysis

Sampling Conditions Counts (Fibers/cc)
or Situation Mean N $D

City Background

New Haven 0.00 ‘10 0.00

Building Background Fallout

Quiet conditions 0.02 13 0.02

Impact

Cleaning, moving books in 15.% 3 6.74
8tack area

Relamping light fixtures 1.38 2 0‘\13

-

.Diageraal

. “

General activity: ¢ p;
random areas 0.19 10 ~ 0.26
students . . 0.02 15 0.03
‘administration 0.04 11 0.04
food service 0.09 4 0.06 ¢
library staff 0.32 6 0.33

Custodial ‘service:

sweeping, drv 1.63 ) 0.73
dusting, dry 4.02 6 1.28
proximal to cleaning 0,26 6 0.26

Simulated Work A:tivities

Electricians: installing 7.70 b 2.89
single section of track

Electricians: replacement 1.10 5 0.97 °
of single light unit.

Carpenters: {installing i. 14 4 1.10
single 4 ft. partition

Mcchanies: removal of 17.05 3 8.14

1 x2 ft. ceiling section

From: Sawver, R.M. Ashestas exposuyre in a Yale baildiop:
aalvsis and resolution. Environ., Res. 13: 1, leb=1a3 (1377y,

ERIC

Aruitoxt provided by Eic:
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Table 1S

L]
~
Chrysotile asbestos air concentrations in
, New York and Massachusetts schools

Samplit ° Asbestos

* Time Concentrgtion

Sampling location (min) m
Massachusetts school

Corridor with sprayed-on, 360 ‘{7 .
painted asbestos high and .
unreachable.
Library with sprayed-on 376 38 *
painted asbestos high and
unreachable.
Store room--recent duct work 362 240 .
installed in asbestos sprayed
area.
Corridor with hung ceiling 390 170

above which is sprayed-on
asbestos; panels are occasion-
ally disturbed.

Stage with asbestos spraved-on 334 N
. steel beams; recent construg-
tion activiiy. '

New York schools

L Y
Hallway sprayed with friable 190 54, 108, 135
asbhestos containing plaster. (3 samples)
. e
. Swimming pool sprayed w'th 180 9
: fibroud asbestos.
Music room sprayed with 180 30
fibrous asbestos--visible
damage.

From: Environmental Sciences Laboratorw data.

g

)
#

.
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¢ Table 16 .
®
Distribution of asbestos* concentrations in the~—
ambient air- of school building roows in Paris; France
L
Asbestos
Concentrations Rumber Percentage
(ng/n3) of of .
Less Than Samples . Samples
1 s ﬁ\ - 10.4
2 ) ? ' 25,0
5 13 52.1
' 10 6 64.6
‘S
20 4 73.0
- 50 6 85.4
100 "\ 85.4
200 ’ 1 91.7
- /’
500 3 93.7 -
1000 3 100.0
'S K
* Eight samples had measureable amqunts of amphibole
. dsbestos are,fhe values listed include both chrvsotile
and anphTBole concentration. Of the seven values
' above 100 ng/m3, only one has an amphibole contribution.
From: Sebastien, P., Gaudichet, A., Dufour, €., Bonnaud, G,
s . < ~Bignon, J. and Goni, J. Enquete metroligique sur la pollution
* $ Satmospherique interieure des batiments isoles par projection
. : d'amiante (1977V. ' “
A .
¥
\ a
. ¢ * .
q . R
rs
L4
- *° ’
- . o
»
n \ 3 .




Table 17 ' .
Fiber concentrations "sbuse" of asbestos
materialf in scheQl hallways
Sampling  Sawpling Piber
Sample time rate concentration
Number Activity (min) (:/min) (f/ml)

District 9, School 1

—— 1 Brushing of friable asbestos 15 10 3.8
: material on ceiling with

hand to simulate damage

displayed in Fig. 3. (Area

sample 3 feet above floor,

ten feet from activitv.)

2 Same a8 above (ten feet 15 10 2.9

' from activity, 20 feet
from Sanp!e 1)
3 Personal sample during 5 2 0.34

“abuse" activity

District 20, School 1

4 Brushing of cementitious 10 10 0.2
material on ceiling with .
hand to simulate damage
displayed in Fig. 3.
(Area sample 3 feet above
floor, ten feet from
activity.)

5 Same as above (ten feet 10 10 0.0
from activity, 20 feet
from Sample 4)

O Peravnal sawpie duciag
"abuse" activity
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Table 18

Fiber concentrations during sealing of
asbhastos materials in schools

Sampling Sampling PFiber .
Sample time rate concentration - .
Number Activity: (nin) (1/min) (f/ml)
' Distrilt 72, School 3 '
1 Enclogure of light fixture 30 2 0.0"
with plastic (personal .
sampler) f
2 Hanging of plastic tarpaui- 30 2 0.8
ing (Personal sampler)
3 In work are~ ‘'qring spray- 30 10 .. 0.1
ing of sealant n ceiling;
sampler on scat.olding
4 Spraying seflant on ceiling 30 2 0.5
{personal sampler)
5 Halliway outside work area 30 10 0.0%
during spraying . .
6 Hallwe® outside work area 30 10 0.04
imnediately after completion
of spraying
District 20, School 1
7 Masking of fixtures fin 20 2 0.0
locker room
8 Outside work areas during 0 10 0.0 .
spraying of sealant ' ’

No sample could be taken in spray arca because of clogging of
filters by sealants.

Q Qs oatnaey




Table 19

Chrysotile asbestos entrations after
sesling of sabestds material

Electzun aicroscopic snalysis
s.-plm Asbestos

Sampling Couccutut ions
Circumstance _.ssm_ —(ag/md)

Sampling one wmonth after completion of work

On stairwell to 180 340
locker room :
Middle of hallway 180 80

Sampling four months after compl;tion of work
District 20, School 1

.

On stairwell to 90 0
locker room ’

Locker room 90 $0

:
8



~

’
L e
“oanld

98 v '
Table 20 ' .

Chigsotile asbestos concentrations after sealing
or removal of asbestos msterial

[y

© Blecivodm niuroscopic analysis

[ 3

< .. ' ' : .
Sanpuns Asbestos )
Sampling Concentragions
Circumatance ( 2 v (og/p’)
. ' Q:i‘tticg 22. E!m; 3
. Sampling days after completion of work
Multipurpose room A k1] 6S

air after sealing of
damaged friable ) :
asbestos material .

Multipurpose Toom B 3% 0’ \
air after sealing of : .
damaged friable -
asbestosg material

Sampling one month after completion of work
Multipurpose room A 165 11 -

Multipurpose room B 168 8

Sampling one month after rewoval of asbustos

Multipurpose room A 90 0
after removal of

previously sealed

asbestos material

Multipurposs roon B 90 . 90
after removal of N

previously sealed

asbestos material
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’ Table 21

Asbestos fiber concentrations during removel’
of asbestos spray materials

Sampling Sampling Fiber
Sample time rate concentration
number Activity (min) -* (}/min) (f/al)
Contractor A °
1-A ' Wallway outside vork ares 4 ¢ 10 0.03
(barrier in place) during PR *
& application of amended material.
<
2-A Worker applying smended water .
to dry ceiling material 10 2 0.05
3-A Stationary sample in ;vork area 28 2 0.02
during wetting of ceiling -
* mater:al witn amended water .
4=-A Hallway outside work area 56 2 0.02
(barrier in place) during re-
moval of ceiling material.
S=A _Workers removing celiling mater- 20 2 0.03
ial after wetting.
6-A S:ationary sample in work area 40 10 0.37
during ceiling material removal.
7-A Hallway outside of work area 63 2 0.01

(barrier in place) during .emoval
of ceiling material.

8-A Stationary sample in work :.ea 45 10 1.05
during removal ol ceiling
material.
9=A Worker removing ceilinz aaterial. 22 2 Q.23
10=-A Stationary sample outside of hall- 81 2 0.03

way barrier during gross clean-up
in work area.

11-a Stationary sample in work area 13 L0 1.23
during cleaning of ceiling and
removal of wire mesh.

12=-A Personal sample in work ares 14 2 0.15
shoveling bulk material into bags.

13-A Stationary sample in work area 13 10 1.78
during shoveling of bulk material *
iato plastic bags.

(cont inued)

1.0




Sample
number

14-A

15-A

16-A

1-8

2-B

3-8

4B

5«8

Table 21 (continued)

Sampling Sampling

time
Activity (min.)

Stationary sample -~ middle area - 24
during second bagging of bulk
waterial.

Stationary sample in school 29
hall on exit routs (work area

to dumpster) during transfer of

bags of dumpster..

Personal unple'on‘ worker as he 16
carried bags of material to
dumpster. *

-

+  Contractor B
*T‘—

Stationary sample in work area 27
during wetting of dry ceiling
material with amended water.

n middle area (barriers in place) 37
during application of amended i
water.

In middle area during removal of 48
wet ceiling material in rork uarea.

In work area on worker-body moni- 15
tor during removal of ceiling
material. .

Stationary sample in work area 21
during removal of "wet' material.

had ¥

4

rate

(1/min)
2

10

10

[ 253

10

Pidber
concentration

- (£/ml)

0.02

0.02

0.11

0.3
0.008

0.03

' 0.03

LY

0. 55

%
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oy



~..
7

Table 22

Chrysotile asbestos concentrations after
*  removal of asbestos waterial

Electron microscopic analysis .

Sampling * Asbestos
Sampling Time Concentnsiou
Circumstance (min) -}

Sampling two days after conplett_on of work

District 9, School 1

Classroom A after 37 ( 5
removal of fibrous
asbestos material

Classroom B after 36 14
removal of fibrous
asbestos material
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‘Damage to asbestos materials sprayed on a hallway ceiling.
This was easily reached by students and extensive damage
was present throughout the length of the hallway. .
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Duintogution of fibrous spray material in a building storage area. The
° conditions seen occurred xaoncmoday. with* 'do ,vume of pxtoml abuse. -,
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Damage to cemmntitious asbestos spray in & echool hallway. Sodie of the
indentations occurred from flagpoles inadvertently striking the ceiling
durirg color guard practices. ' .

Pigure 3 -
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Fur;}ur damage to cementitious ceiling material. Here evidence
exists that some sntudents wished to be remembered beyond their

stay &t the school.

\ Figure 6 :
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Exposed astestos therpsl insulation material around a pipe in a school

classroom. Such material can also -present an exposure tisk to students.

Figure 7
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Couplete enclosure .of locker area prior to sprayiug a sealant over

cementitious asbestos material on ceiling.

¢ Figure 8
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All damaged ceiling materisl was petched with spackle prior to application
of a sealant in ozder to obiain a smootl final surface.

Figure 9
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Spray application of a primer coat of sealing material. The
‘enclosed space requ}red the use of ﬁon-toxic solvents (e.g.
vater) or respiratory protection for those with toxic or ir-
vitating effects. The use of a low pressure spray pump aids

in reducing the release of asbestos fibers from the surface

Figure 10
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Application of the final spray coat of a sealing material.

. Figure 11
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Sclhiematic diagram of enclosure procedures for a room prior to the sealing
of loosely-bonded asbestos material. A three-zone system was utilized
with a work area.' a decontamination area where contaminated clothes and

materials were left, and a clean area with shower facilities, each sepa- .

rated from the others.

fFlgure 12 | 1 ] 11
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Complete enclosure of the spray area in plastic tarpsulins,

-Figure 13
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Double barrier door bet:w'een the work area and the shower

1
area for workmen to remove and leave cdaptamiz~ted clothes.

Figure 14
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Disposable overalls and half-face mask respirator utilized
during sbray operations.
Figure 15
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Patching snd- complele sesling of fixtures as required prior to the

spraying of sealant material.

Figure 16
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The application of dealant material with a low pressure pump.

Figure 17
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Remo+al of asbestos from a room ceiling with a hand scraper. With
complete wetting of the asbestos mixture air concentrations in the
room can remain below 5 fibers/ml. The light fixtures and the room

were well sealed in plastic prior to any removal work.

Figure 18
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The bagging of wet asbestos: scraped from the ceilig. 8ix mil plastic bags

are suitable for this purpose. In thfo. operit'i.oa. aylon suits and half-face
magk regspirators ;verc u;od. The suits were left "at the entrance to the wgrk
area a